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DESCRIPTION

RAPID-HARDENING MORTAR COMPOSITION

TECHNICAL FIELD

[0001]

The present invention relates to a rapid-hardemingar composition, in
particular, a rapid-hardening mortar compositioefukas a patching repair material and
an injection grout for pavement.

The present application claims priority on Japareatent Application No.
2016-73198 filed on March 31, 2016, Japanese PAfmiication No. 2016-73416 filed
on March 31, 2016, and Japanese Patent ApplicBkior2017-61311 filed on March 27,

2017, the contents of which are incorporated hdwgireference.

BACKGROUND ART

[0002]

As a construction method of repairing a concretecture deteriorated due to
various causes, a patching repair method is wikiebyvn. The patching repair method
is a construction method of removing a deteriorgi@d of concrete by chipping or the
like and restoring the removed cross-sectional wilt a patching repair material. As
the patching repair material used in this consibacatnethod, a mortar composition
containing cement and a fine aggregate is usedpefing on an embodiment of the
patching repair method, a patching repair matéoiah plastering method, a patching
repair material for a spraying method, a patchemar material for a filling method, or a

patching repair material for a prepacking methagsesd. On the other hand, as a
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patching repair material to be used in an urgemietcritical) repair work, in order to
shorten a working period, a rapid-hardening martanposition containing a
rapid-hardening admixture for hardening a mortamgosition at an early stage has also
been used.

[0003]

Further, as methods for constructing pavementsaals, port facilities, airport
runways, and the like, a PC pavement and a RC paveane known. The PC pavement
is a pavement in which prestressed concrete (P@npant boards are disposed on a
roadbed and a back-filling grout material is ingetinto a gap between the PC pavement
boards and the roadbed. The RC pavement is a gatemwhich a reinforced concrete
(RC) pavement board is used in place of the PCmawneboard. Furthermore, as a
pavement for heavy traffic roads, a semi-flexibde@gment is known. The semi-flexible
pavement is a pavement in which cement milk iscigje into an open-graded asphalt
mixture having a large porosity. As an injectionwg for pavement which is used as a
raw material for a back-filling grout material used the PC pavement and the RC
pavement, cement milk used for the semi-flexiblegoaent, and the like, a mortar
composition containing cement and a fine aggreigadéso used. The mortar
composition to be used as the injection grout Borgment is usually a rapid-hardening
mortar composition in which a rapid-hardening adome is contained to harden the
cement at an early stage so that work is donegat and a road is opened to traffic next
morning.

[0004]

As the rapid-hardening admixture of the rapid-kardg mortar composition, an
admixture in which calcium aluminate and inorgasutfate are combined (blended) is

known. However, there have been problems thatrdpisl-hardening admixture in
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which calcium aluminate and inorganic sulfate anebined has a strong action of
accelerating hardening of the mortar compositiowl, & the mortar composition
containing this rapid-hardening admixture, a tisettfng initial time) from addition of
water until the mortar composition starts to seshisrt so that sufficient pot life cannot be
secured. For this reason, in a rapid-hardening»dre in which calcium aluminate and
inorganic sulfate are combined, a setting modifiexdded so as to regulate (control) the
setting initial time of the mortar composition. e setting modifier, inorganic
carbonate, oxycarboxylic acid, or sodium aluminatased.

[0005]

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 t@8d 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.

[0006]

Patent Document 2 discloses a concrete patchpairmmaterial containing a
rapid-hardening admixture, a cement mineral, ameggge, a powdered emulsion, and
fibers. This Patent Document 2 discloses thatusndiluminate, inorganic carbonate,
and carboxylic acids are used as setting modifietee rapid-hardening admixture, and
these setting modifiers have a particle size ctutgth including 10 to 45% by mass of
first particles having an average particle diamefagreater than 4am and equal to or
less than 9@um, 30 to 70% by mass of second particles havingvanage particle

diameter of greater than @0n and equal to or less than 15, and 5 to 30% by mass of

third particles having an average particle diametgreater than 150m and equal to or
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less than 50Qum, in which the second patrticles are included im@ount which is larger
than the amount of the first particles and alsgdathan the amount of the third particles.

[0007]

Patent Document 3 discloses an injection group&ement which contains a
rapid-hardening admixture, a cement mineral, sand,a powdered emulsion. This
Patent Document 3 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 pm and equal to or less than 5@, and 5 to 30% by mass of third particles having a
average particle diameter of greater than ®0and equal to or less than 50, in
which the second particles are included in an amatich is larger than the amount of
the first particles and also larger than the amaofitite third particles.

[0008]

It is required that a rapid-hardening mortar cosifan containing a
rapid-hardening admixture can stably and suffityes¢cure 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.

[0009]

However, in the ultra-rapid-hardening cement cositpm disclosed in Patent

Document 1, there have been problems that it fcdif to secure a long pot life as long



10

15

20

25

as 60 minutes without reducing a compression stinesigan early age (about 3 hours of
age), and spots are observed on a hardened baly oément composition and these
parts become defects, and thereby causing dedrels®&-term strength. In addition,
there was a problem that setting time greatly gadigpending on an environmental
temperature, and thereby resulting in poor worligtdlt a construction site.

[0010]

Further, in the concrete patching repair matelistlosed in Patent Document 2
and the injection grout for pavement disclosedateRt Document 3, by specifying a
particle size constitution of the setting modifiecstained in the rapid-hardening
admixture, the properties of early age strengththadcenvironmental temperature
dependencies of the setting time are improved. @¥aw in the case where the concrete
patching repair material and the injection groutdavement in which such a
rapid-hardening admixture is mixed are stored bad 3 months, the setting time may be
greatly changed as compared with the setting timreadiately after production and the

properties of early age strength may be decreased.

PRIOR ART DOCUMENTS

Patent Documents

[0011]

Patent Document 1: Japanese Examined PatentcAfiph, Second Publication
No. H3-41420

Patent Document 2: Japanese Unexamined Patetitagpm, First Publication
No. 2008-273762

Patent Document 3: Japanese Unexamined Patefic&gpm, First Publication

No. 2008-274580
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012]

The present invention has been made in view odbitee circumstances, and an
object of the present invention is to provide addmrdening mortar composition in
which variations in setting initial time due to anvironmental temperature are small,
variations in setting initial time are small evarthe 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 properties of early age strengtbxarelent.

Solutions for Solving the Problems

[0013]

In order to solve the above problems, the preiseentors have made intensive
studies, and, as a result, they have found thgeiffective to add a rapid-hardening
admixture to predetermined amounts of cement dirteaaggregate, and the
rapid-hardening admixture is a composition contajreéalcium aluminate, inorganic
sulfate, and a setting modifier (for example, onenore of inorganic carbonates,
oxycarboxylic acids, sodium aluminate, and sodiuffase) at predetermined ratios, in

which an average particle diameter of the calcilumaate is in a range of|@n to 100

um and an average particle diameter of the settiodifier is in a range of fm or less.
That is, for the rapid-hardening mortar compositiontaining predetermined amounts of
the cement and the fine aggregate with respetietalbove-mentioned rapid-hardening
admixture, it has been found that variations itirsginitial time due to an environmental

temperature are even smaller, variations in settiitigl time even in the case of being
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stored for a longer period are small, fluidity ighhduring a period from addition of water
until hardening reaction proceeds, and propertieady age strength are excellent. In
addition, it has been found that, by mixing anehding a clinker consisting of calcium
aluminate and a setting modifier, it is possibleltain the calcium aluminate and the
setting modifier having the above-mentioned aveggécle diameters.

[0014]

The present invention has been made on the biatkie above findings, and a
rapid-hardening mortar composition according t@sgpect of the present invention
includes: a rapid-hardening admixture; cement;afide aggregate, wherein
rapid-hardening mortar composition includes the@etnn an amount of 100 parts by
mass to 2,000 parts by mass with respect to 16 pgmass of the rapid-hardening
admixture, the rapid-hardening admixture is a cositfum that 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 rtspel00 parts by mass of the calcium
aluminate, and an average particle diameter otdh@um aluminate is in a range ofit
to 100pum, and an average particle diameter of the settiodifier is in a range of gm
or less.

[0015]

According to the rapid-hardening mortar compositid the 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 calcidnménate
(average particle diameter ofug to 100um), and thus the setting modifier is easily

dissolved in water. Therefore, when water is addetie rapid-hardening mortar
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composition according to the aspect of the preissention, the setting modifier is

rapidly dissolved in water in a stable manner @vende temperature range, and a setting
modifier action by the setting modifier is exeregdn 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 fluidifier addition of water becomes high.
Furthermore, after completion of the setting medifiction by the setting modifier,
hardening acceleration action of cement is exdetthe calcium aluminate and the
inorganic sulfate; and thereby, it is possiblentpriove properties of early age strength of
the rapid-hardening mortar composition. Furtheemthe setting modifier is dispersed
as fine particles in the rapid-hardening admixtur€hus, even in the case where the
rapid-hardening mortar composition according toabpect of the present invention is
stored for a long period of time, it is unlikelyatithe setting 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, variatiamsetting time are small and properties of
early age strength are excellent.

[0016]

Herein, the rapid-hardening mortar compositioroading to the aspect of the
present invention may contain the fine aggregasmiamount of 200 parts by mass to
1,000 parts by mass with respect to 100 parts kssrofthe rapid-hardening admixture.

In this case, since the fine aggregate is condaiman amount in the
above-mentioned range, properties of early agagitneare excellent, and shrinkage
(autogenerous shrinkage) of a hardened body doarttening of the rapid-hardening
mortar composition and shrinkage (drying shrinkaye) to dissipation of moisture after

hardening are suppressed. Therefore, the occeradraracks in the hardened body can
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be suppressed, and strength of the hardened bauyréased.

Accordingly, this rapid-hardening mortar compasitis particularly useful as a
patching repair material.

[0017]

Further, the rapid-hardening mortar compositioroading to the aspect of the
present invention may contain the fine aggregasmiamount of 10% by mass to 67% by
mass with respect to the entire amount of the raprdlening mortar composition.

In this case, since the fine aggregate is condaiman amount in the
above-mentioned range, properties of early agedtheare excellent, and fluidity of the
fine aggregate at the time of being added with miatanproved. Even in fine (minute)
spaces such as voids of an open-graded asphaiirmirt semi-flexible pavements, the
fine aggregate becomes a medium. Thus, it is Iplest satisfactorily fill the spaces.

Accordingly, this rapid-hardening mortar compasitis particularly useful as an
injection grout for pavement.

[0018]

Further, in the rapid-hardening mortar compositicnording to the aspect of the
present invention, it is preferable that the sgttmodifier contains one or more of
inorganic carbonates, oxycarboxylic acids, sodiluméanate, and sodium sulfate.

In this case, the above-mentioned substance ily d&ssolved in water. Thus,
in the case where the setting modifier containsamaore of the above-mentioned
substances, it is possible to reliably reduce tiaria in setting initial time of the
rapid-hardening mortar composition due to an emvirental 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 addition of water

increases.
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[0019]

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

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

[0020]

With regard to the setting modifier added to thgid-hardening mortar
composition, it is preferable that the setting rfiedis added as a highly
concentrated-setting modifier-containing mixtuned éhe highly concentrated-setting
modifier-containing mixture contains an inorganaaer 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 &sltighly concentrated-setting
modifier-containing mixture, it is possible to umifnly disperse the setting modifier in the
rapid-hardening mortar composition, and to moraby reduce variations in setting
initial time of the rapid-hardening mortar compisitdue to an environmental
temperature and a long-term storage.

[0021]

Further, the rapid-hardening mortar compositioroading to the aspect of the

present invention may further contain short fildbeg consist of one or more of organic
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short fibers and carbon short fibers, in an amo@i®t1% by mass to 0.3% by mass with
respect to the entire amount of the rapid-hardemingar composition.

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

[0022]

Further, the rapid-hardening mortar compositioroading 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 amoultii@fapid-hardening mortar
composition.

In this case, since the rapid-hardening mortarpmsition contains the powdered
emulsion, adhesion to a concrete structure is ingao

[0023]

Further, the rapid-hardening mortar compositioroading to the aspect of the
present invention may further contain silica fumen amount of 1% by mass to 15% by
mass with respect to the entire amount of the rhpidening mortar composition.

In this case, since the silica fume has a pozaolaaction, properties of
long-term strength are improved. Furthermore,rdér@ed body obtained by hardening
the rapid-hardening mortar composition is densifiedhat a total amount of pores
becomes small, and progress of carbonation andgse®f diffusion of chloride ions are
suppressed so that durability is improved.

[0024]

Further, the rapid-hardening mortar compositioroading to the aspect of the
present invention may further contain a synthetiymer-based thickening

water-retention agent in an amount of 0.1% by n@€s3% by mass with respect to the
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entire amount of the rapid-hardening mortar contpmsi

In this case, the synthetic polymer-based thickgmater-retention agent is in
the form of a powder, and generates fine bubbleswvideing brought into contact with
water. Thus, in a hardened body obtained by hardehe rapid-hardening mortar
composition, entrained air is introduced in a sativke behavior, and freeze-thaw
resistance (freezing and thawing resistance) isouga.

[0025]

Further, the rapid-hardening mortar compositioroading 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 calciurtajitn an amount of 1% by mass to
10% by mass with respect to the entire amountefaipid-hardening mortar composition.

In this case, even under a cryogenic temperatuieaament where water is
frozen, freezing of the rapid-hardening mortar cosition which is kneaded with water

can be suppressed, and properties of early agegitrare increased.

Effects of the Invention

[0026]

According to the aspect of the present inventiiois, possible to provide a
rapid-hardening mortar composition in which vaoas in setting initial time due to an
environmental temperature are small, variatiorseiting initial time even in the case of
being stored for a longer period are small, flyidt high during a period from addition of

water until hardening reaction proceeds, and ptaseof early age strength are excellent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]
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FIG. 1 shows scanning electron microscopic imajesmixed 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 magnificatof 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 imabtined by enlarging a
circled area in FIG. 1(B), and FIG. 2(B) is an EPMpping image of sodium obtained
by performing elemental analysis of particles cegluin the image.

FIG. 3 is a graph showing measurement resultsfiafezze-thaw test of hardened
bodies obtained by hardening rapid-hardening maxdarpositions of Example 1,

Example 22, and Example 23.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0028]

Embodiments of the present invention will be diesx below.

A rapid-hardening mortar composition of the présmbodiment contains a
rapid-hardening admixture, cement and a fine agdeeg The cement is contained in an
amount of 100 parts by mass to 2,000 parts by maksespect to 100 parts by mass of
the rapid-hardening admixture. The rapid-hardemithgnixture is a composition that
contains calcium aluminate, inorganic sulfate irmarmount of 50 parts by mass to 200
parts by mass with respect to 100 parts by masiseafalcium aluminate, and a setting
modifier in an amount of 0.1 parts by mass to Ifisgay mass with respect to 100 parts
by mass of the calcium aluminate. The averagecpadiameter of the calcium
aluminate in the rapid-hardening admixture is marge of 4m to 100um, and the
average particle diameter of the setting modiesjim or less. The rapid-hardening

mortar composition of the present embodiment mawhéu contain an admixture such as a
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setting modifier, short fibers, a powdered emuls®iica fume, a synthetic polymer-based
thickening water-retention agent, an anti-freeaggnt, and the like.

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

[0029]

(Rapid-hardening admixture)

The rapid-hardening admixture is a composition timatains 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 mortar
composition, and these ions are reacted with suiats eluted from the inorganic sulfate
to produce a hydrate such as ettringite (3@&D;B3CaSQ32H,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 sgength of the rapid-hardening mortar
composition. In the case where an elution ratatifium ions and aluminum ions from
the calcium aluminate becomes too low, reactiviithwulfate ions may be deteriorated,
and properties of early age strength of the rapidiéning mortar composition may be
decreased. On the other hand, in the case whegleition rate of calcium ions and
aluminum ions from the calcium aluminate becomeshigh, reactivity with sulfate ions
is increased and a setting initial time of the dapirdening mortar 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 avepagéecle diameter (average

primary particle diameter) of the calcium aluminatset to be in a range ofuén to 100

pm. In the case where the average particle diamétée calcium aluminate is less than
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8 um, the elution rate of calcium ions and aluminumsibecomes too high, which may
make it difficult to regulate the setting initiaite of the rapid-hardening mortar
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 mortar composition.

[0030]

The average particle diameter of the calcium ahate@ contained in the
rapid-hardening mortar composition can be measused), for example, a scanning
electron microscope (SEM) and an electron probecaialyzer (EPMA). That is, itis
possible to perform measurements as follows: pestiof the calcium aluminate contained
in the rapid-hardening admixture are identifiedriran SEM image and results of
elements detected by an elemental analysis witEB¥A of the rapid-hardening
admixture; particle diameters are measured fronStael image with respect to the
particles identified as the calcium aluminate; #relaverage value thereof is obtained.
Particles in which only calcium and aluminum aréede&ed by the elemental analysis with
the EPMA can be identified as the particles ofgakeium aluminate.

[0031]

As the calcium aluminate, it is preferable to ase having one or more
compositions selected from the group consisting263aQ7Al,03, 11CaQ@7Al,Os[Cak,,
and Ca@l,03, and having a vitrification rate (percentage @fsgl content) of 80% or
more. The vitrification rate is more preferably?8@ 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
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reactivity when being brought into contact with rat Thus, it is possible to reliably
improve the properties of early age strength ofréiped-hardening mortar composition.

[0032]

Further, it is preferable that the calcium alunenaas a Blaine specific surface
area of 3,000 cffig to 5,500 crfflg. Due to the Blaine specific surface area 06,0
cm?/g or more, when the calcium aluminate is brougtd tontact with water, the elution
rate of calcium ions and aluminum ions becomes highthe reactivity with sulfate ions
eluted from the inorganic sulfate becomes high. usTlit is possible to more reliably
improve the properties of early age strength ofréiped-hardening mortar composition.
On the other hand, due to the Blaine specific serfirea of 5,500 cify or less, when the
calcium aluminate is brought into contact with watiee case where the elution rate of
calcium ion and aluminum ion becomes excessivaji I8 prevented, and the reactivity
with sulfate ions is prevented from becoming toghhi Even in the case where the
Blaine specific surface area is 5,5002tgmr more, the early age strength of the
rapid-hardening mortar composition becomes constérith is economically not
preferable due to excessive use of energy reqtoregtinding. The Blaine specific
surface area is measured by a specific surfaceteseasing a Blaine air permeability
apparatus described in JIS R 5201 "Physical Tesihddefor Cement".

[0033]

The inorganic sulfate contained in the rapid-hantg admixture elutes sulfate
ions when being brought into contact with watethattime of using the rapid-hardening
mortar composition and these ions are reactedaaitium ions and aluminum ions eluted
from the calcium aluminate to produce a hydratdagettringite of needle-like crystal,
monosulfate, or the like. Thus, the inorganic atalfhas an action of improving

properties of early age strength of the rapid-hairdgmortar composition.
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[0034]

In the case where an elution rate of sulfate foms the inorganic sulfate
becomes low, reactivity with calcium ions and aloom ions eluted from the calcium
aluminate may be deteriorated, the time from stasetting to hardening may become

5 longer, and properties of early age strength ofalpéd-hardening mortar composition
may be deteriorated. Therefore, it is preferal 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 iagisted from the calcium aluminate, it

10 s possible to reliably improve properties of eatje strength of the rapid-hardening
mortar composition. In addition, it is preferabiiat 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 ragalfafte ions becomes too high and the
reactivity with calcium ions and aluminum ions bews excessively high. Thus, the

15 time from start of setting to hardening becomestehowhich may make it difficult to
secure a sufficient pot life even in the case afgia setting modifier.  In addition, since
fine particles of the inorganic sulfate which aegdly soluble in water are contained, the
amount of water necessary to obtain a requiredifiuis increased, and thus a decrease in
strength may occur in a hardened body of the raprdiening mortar composition.

20 [0035]

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 mot&abdy improve properties of early age
strength of the rapid-hardening mortar composition.

25 [0036]
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The setting modifier contained in the rapid-hamdgradmixture has an action of
regulating (controlling) the time from additionwhter to the rapid-hardening mortar
composition until setting of the rapid-hardeningrtabcomposition starts at the time of
using the rapid-hardening mortar composition, ithaén action of delaying a hardening
time of mortar. Due to delayed hardening timehef inortar by the setting modifier,
fluidity of the rapid-hardening mortar compositisnmproved during a period from
addition of water to the rapid-hardening mortar position until hardening reaction of
the mortar 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 mortar 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
mortar proceeds.

In the present embodiment, the setting modifietamed in the rapid-hardening
admixture is fine particles having an average plartliameter (average primary particle
diameter) of Jum or less. Therefore, it is possible to rapidlgsdive the setting
modifier in water over a relatively wide temperatwange. The average patrticle
diameter of the setting modifier is preferablyrh or more. In the case where the
average particle diameter is less thgn, agglomerated particles may be easily formed.

[0037]
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The setting modifier contains one or more of iroig carbonates, oxycarboxylic
acids, sodium aluminate, and sodium sulfate. Sinese agents are easily dissolved in
water, the setting modifier contains one or moréheke agents so that a setting modifier
action by the setting modifier is exerted at afyestage. Thus, it is possible to reliably
reduce variations in setting initial time of th@idthardening mortar composition due to
an environmental temperature. In addition, sinsetting modifier action by the setting
modifier is exerted at an early stage, a settiitgalrtime becomes more stable and longer,
and fluidity after addition of water increases.

The inorganic carbonate is preferably carbonateydrogen carbonate of an
alkali metal. Examples of the inorganic carbonatdude sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, potassiumotgd carbonate, lithium carbonate,
and ammonium carbonate. One of these inorganbmoates may be used alone, or two
or more thereof may be used in combination. Exaspf the oxycarboxylic acid
include tartaric acid, citric acid, malic acid, glnic acid, and maleic acid. One of these
oxycarboxylic acids may be used alone, or two orentbereof may be used in
combination.

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-mentdmnbination 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 @b or less.

[0038]
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Among the setting modifiers, sodium sulfate hasuicularly high rate of
dissolution in water. Therefore, sodium sulfate &dnigh effect of improving fluidity of
the rapid-hardening mortar composition after addiof 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 mortar composition after additibrvater.

[0039]

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 dispersquiagary 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.

[0040]

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 measurement®lmns: particles of the setting modifier
contained in the rapid-hardening admixture aretifled from an SEM image and results

of elements detected by an elemental analysisamtBPMA of the rapid-hardening
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admixture; particle diameters are measured fronStal image with respect to the
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).

[0041]

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 j@atts by mass 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 hydrate may be decreasedproperties of early age strength
of the rapid-hardening mortar composition may berel@sed. On the other hand, in the
case where the blending amount of the inorganifatguis too large, a setting initial time
of the rapid-hardening mortar composition becorass fwhich may make it difficult to
secure a sufficient pot life. In addition, the amts of calcium ions and aluminum ions
eluted from the calcium aluminate are relativelyairwith respect to an amount of sulfate
ions, so that a production amount of ettringiteeduced. Thus, properties of early age
strength of the rapid-hardening mortar compositi@y be decreased. Furthermore, due
to influence of the remaining inorganic sulfate aamount 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 mortar compmsitbecomes fast, which may make it
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difficult to secure a sufficient pot life. On tlséher hand, in the case where the blending
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 mortar composition may be decreased

[0042]

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 produdtmvimorganic sulfate.

[0043]

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 finerdselectively becomes fine particles,
and fine particles of the setting modifier are poedd.  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 app#saa 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 @sea grinding apparatus for clinker
can be used.

[0044]

The clinker containing calcium aluminate is prafdy a clinker mineral.



10

15

20

25

23

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

[0045]

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 3,068@¢o 4,500 crfig. By carrying out
the mixing and grinding until the Blaine specifirface area falls within the
above-mentioned range, the clinker containing aatcaluminate and the setting modifier
are sufficiently mixed and ground; and therebis possible to reliably obtain a mixed
and ground product in which the fine particlesha# setting modifier are dispersed as
primary particles or aggregated particles closestioan 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 sethadifier is usually fum or less.

[0046]

In the mixing step, the inorganic sulfate to be&exiwith 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
mixers commonly used as a mixing apparatus for cémeaterials can be used. A

mixing time can be appropriately adjusted dependm@ capacity of the mixing
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apparatus and blending amounts of the respectiveriais.

[0047]

(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.

[0048]

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 rapid-hardening mort@nposition which is excellent in
properties of early age strength by the rapid-h@rdgadmixture and in properties of
long-term strength by the cement.

[0049]

(Fine aggregate)

The fine aggregate has an action of suppressimgksige (autogenerous
shrinkage) of a hardened body due to hardeningeofapid-hardening mortar
composition and shrinkage (drying shrinkage) dugigsipation of moisture after
hardening. The fine aggregate is preferably sarmie preferably sand having a particle
diameter of 150 to 3,000m, and even more preferably sand having a padialmeter of

200 to 1,50um. In addition, the fine aggregate may be sandhiye particle diameter

of 90 to 1,00Qum, and may also be sand having a particle dianoét@® to 200um. In
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the case where the particle diameter of the sacdnbes too small, agitation performance
of mortar or cement milk prepared by mixing theidapardening mortar composition

with water and wear resistance of the hardened buybe decreased, and skid
resistance thereof may be decreased. On theludinel; in the case where the particle
diameter of the sand becomes too large, sand nsly sattle in the mortar or cement
milk, and adhesion properties of the mortar or agmalk to a concrete structure and
injection properties thereof to a pavement body begecreased.

[0050]

For example, in the case of being used as a patchpair material, the blending
amount of the fine aggregate is in a range of 206y mass to 1,000 parts by mass
with respect to 100 parts by mass of the rapiddwrdy admixture. In the case where
the blending amount of the fine aggregate is toallsmot only an effect of reducing
shrinkage of the hardened body may not be suffiljierbtained, but also agitation
performance and wear resistance of the mortar raajekeriorated, and skid resistance
may be decreased. On the other hand, in the daseevthe blending amount of the fine
aggregate is too large, properties of early agagth may be decreased, and material
separation may occur and bleeding may easily occur.

On the other hand, in the case of being used ageution grout for pavement,
the blending amount of the fine aggregate is iarme of 10% by mass to 67% by mass
with respect to the entire amount of the rapid-bangg mortar composition. In the case
where the blending amount of the fine aggregatedasmall, not only an effect of
reducing shrinkage of the hardened body may nsuffeciently obtained, but also
agitation performance and wear resistance of theeaemilk may be decreased and skid
resistance may be decreased. On the other hatit; aase where the blending amount

of the fine aggregate is too large, propertiesaofyeage strength may be decreased, and
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material separation may occur and bleeding mayyeastur.

[0051]

(Setting modifier)

In the rapid-hardening mortar composition of thesgnt embodiment, as
described above, fine particles of the setting firrdnaving an average particle diameter
of 5um or less are contained as a constituent of thetegrdening admixture. The
setting modifier may be further added so that anwarhof the setting modifier with
respect to the entire amount of the rapid-hardenminogar composition is in a range of
0.01% by mass to 5% by mass. Herein, the amoutieagetting modifier with respect
to the entire amount of the rapid-hardening martamposition is a total amount of the
setting modifier (also referred to as a first seftmodifier) contained in the
rapid-hardening admixture and the setting modiidso referred to as a second setting
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 variatiomseétting initial time of the
rapid-hardening mortar composition due to an emvitental 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 mortar composition to a required
time. In addition, in the rapid-hardening mortamposition 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-baindg mortar composition, an action of
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regulating a setting time may be insufficient. e other hand, in the case where the
amount of the setting modifier exceeds 5% by matsrespect to the entire amount of
the rapid-hardening mortar composition, propemigl®ng-term strength by the mortar
may be decreased.

[0052]

The setting modifier added separately from thédriaardening admixture may
be added alone to the rapid-hardening mortar coitipos However, the setting
modifier is preferably added as a premixed mixtfran inorganic powder and the setting
modifier. The mixture of the inorganic powder dhd 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 thaérggtmodifier to the rapid-hardening
mortar composition as the highly concentrated+sgttnodifier-containing mixture, the
setting modifier is easy to be uniformly dispergethe rapid-hardening mortar
composition. As the inorganic powder, cement @rtipular, Portland cement),
limestone powder, silica stone powder, blast fuenslag powder, coal ash, fly ash, clay
minerals, calcium aluminate powder, or inorgani¢ades powder can be used. The
inorganic powder is preferably a fine powder havanglaine 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 mixturemhich this inorganic powder is used is
easy to be uniformly dispersed in the rapid-hamigmnortar 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



10

15

20

25

28

dispersibility in the inorganic powder, it is edsyprepare a highly concentrated-setting
modifier-containing mixture that has a uniform caragion.

[0053]

(Short fibers)

The short fibers act as a reinforcing materialhergfore, a hardened body
obtained by hardening the rapid-hardening mortarpmmsition including the short fibers
has improved cracking resistance and excellentaiitygagainst 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 @ used alone, or two or more thereof
may be used in combination.

The fiber length of the short fibers is preferaiblya 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 ama portion or a semi-flexible
pavement may be decreased. A fiber diameter igllysn a range of Hm to 100um.

[0054]

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 mortar
composition. In the case where the blending amofitite short fibers is too small, an
action of improving cracking resistance of a hastehody and an action of improving
durability against fatigue may be insufficient. @ other hand, in the case where the

blending amount of the short fibers is too larg@dfty of a mixture of the
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rapid-hardening mortar composition and water magdxreased.

[0055]

(Powdered emulsion)

The powdered emulsion is a resin having low wakesorbability and low water
permeability, and has an action of making watedlygsenetrate into a hardened body
obtained by hardening the rapid-hardening mortargmusition. In addition, the
powdered emulsion has an effect of improving adiresf the rapid-hardening mortar
composition to a concrete structure. Therefore répid-hardening mortar composition
containing the powdered emulsion is excellent &efe-thaw resistance after being
immersed in water and has improved adhesion todherete structure.

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 iin@reof may be used in
combination.

[0056]

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 mortar
composition. In the case where the blending amofitite powdered emulsion is too
small, an action of improving freeze-thaw resistaata hardened body of the
rapid-hardening mortar composition and an actiomgiroving adhesion to a concrete
structure may be insufficient. On the other handhe case where the blending amount
of the powdered emulsion is too large, fluidityaofixture of the rapid-hardening mortar
composition and water may be decreased.

[0057]



30

(Silica fume)

Silica fume has a pozzolanic reaction. Therefthre rapid-hardening mortar
composition containing the silica fume has impropeaperties of long-term strength, and
a hardened body obtained by hardening the rapideiméamg mortar composition is

5 densified, so that the total amount of pores besosnaall, and progress of carbonation

and progress of diffusion of chloride ions are sapped.

[0058]

The blending amount of the silica fume is prefgra a range of 0.5% by mass
to 30% by mass with respect to the entire amoultii@fapid-hardening mortar

10 composition. In the case where the blending amofitite silica fume is too small,
properties of long-term strength due to a pozzodaction, an effect of suppressing
carbonation due to densification of a hardened tsbahcture of the rapid-hardening
mortar composition, and an effect of suppressingetration of chloride ions may not be
sufficient. On the other hand, in the case whiseeblending amount of the silica fume is

15 too large, a quantity (proportion) of the rapiddering admixture in the rapid-hardening
mortar composition may become relatively small, praperties of early age strength may
be deteriorated.

[0059]
(Synthetic polymer-based thickening water-retantigent)

20 The synthetic polymer-based thickening water-ris@@ragent has an action of
generating fine bubbles when being brought intdactrwith water. Therefore, in a
hardened body obtained by hardening the rapid-némgenortar composition containing
the synthetic polymer-based thickening water-réd@rsigent, entrained air is introduced
in a simulative behavior, and freeze-thaw resigtaaémproved.

25 [0060]



10

15

20

25

31

The blending amount of the synthetic polymer-bakekening water-retention
agent is preferably in a range of 0.1% by mass3&o(by mass with respect to the entire
amount of the rapid-hardening mortar compositiolm the case where the blending
amount of the synthetic polymer-based thickeninteweetention agent is too small, an
action of improving freeze-thaw resistance of taedkened body of the rapid-hardening
mortar composition may become insufficient. Onadtifeer hand, in the case where the
blending amount of the synthetic polymer-basedk#riing water-retention agent is too
large, fluidity of a mixture of the rapid-hardeningrtar composition and water may be
decreased, and excessive bubbles may be includeduoe strength.

[0061]

(Anti-freezing agent)

Sodium acetate, calcium acetate, or calcium aitgacts with water to generate
heat, and acts as an anti-freezing agent to préseg#ing of a mixture of the
rapid-hardening mortar composition and water udenryogenic temperature
environment where water is frozen. Thereforeherapid-hardening mortar
composition containing the anti-freezing agentetiag of the rapid-hardening mortar
composition kneaded with water even under a cryegemperature environment can be
suppressed, and properties of early age strengtimereased.

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

[0062]

The blending amount of the anti-freezing agegeiserally in a range of 1% by
mass to 10% by mass with respect to the entire atradihe rapid-hardening mortar
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
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rapid-hardening mortar composition freezes, andtrength may be produced at all. On
the other hand, in the case where the blending atajuhe anti-freezing agent is too
large, a salting-out action may occur in a mixtoir¢he rapid-hardening mortar
composition and water, and fluidity may be decrdase

[0063]

The rapid-hardening admixture used in the rapidi¢iaing mortar composition
of the present embodiment having a constitutiodeasribed above is easily dissolved in
water, because the average particle diameter afale@um aluminate is Bm to 100um,
and the average particle diameter of the settindifieo is 5um or less, so that the setting
modifier is fine as compared with the calcium aloate. Therefore, when water is
added to the rapid-hardening mortar compositiothefpresent 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 envinoental 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 ofsetéing modifier action by the setting
modifier, hardening acceleration action of cemermerted by the calcium aluminate and
the inorganic sulfate; and therefore, it is pogstblimprove properties of early age
strength of the rapid-hardening mortar compositioRurthermore, the setting modifier is
dispersed as fine particles in the rapid-hardemogar composition. Thus, even in the
case where the rapid-hardening mortar compositidheopresent 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



10

15

20

25

33

properties of early age strength are excellent.

[0064]

As described above, in the rapid-hardening madanposition of the present
embodiment, variations in setting initial time doean environmental temperature are
small, and properties of early age strength arele@. Thus, the rapid-hardening
mortar composition can be suitably used as a ratenahfor mortar (patching repair
material) used in repair works of a concrete stmgcto be constructed by a construction
method such as a plastering method, a sprayingaadethfilling method, and a
prepacking method. In addition, the rapid-hardgmmortar composition can be suitably
used as a raw material (injection grout for paveinien a back-filling grout material used
for PC pavement and RC pavement, cement milk useskeimi-flexible pavement, and the
like which are mainly used outdoor. In particuknce the rapid-hardening mortar
composition of the present embodiment has a hidly 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.

[0065]

In the rapid-hardening mortar composition of thesent embodiment, in the case
where the fine aggregate is contained in an amafi2®0 parts by mass to 1,000 parts by
mass with respect to 100 parts by mass of the Htagnidening admixture, properties of
early age strength are excellent, and shrinkagehafrdened body due to hardening of the
rapid-hardening mortar composition and shrinkage tdudissipation of moisture after
hardening are suppressed. Therefore, the occerararacks in the hardened body can
be suppressed, and strength of the hardened bauyréased. Accordingly, this
rapid-hardening mortar composition is particularbeful as a patching repair material.

[0066]
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On the other hand, in the rapid-hardening moranmosition of the present
embodiment, in the case where the fine aggregayebmaontained in an amount of 10%
by mass to 67% by mass with respect to the enti@uat of the rapid-hardening mortar
composition, properties of early age strength acekent, and fluidity of the fine
aggregate at the time of being added with watengoved. Even in fine (minute)
spaces such as voids of an open-graded asphaiirmirt semi-flexible pavements, the
fine aggregate becomes a medium. Thus, it is Iplest satisfactorily fill the spaces.

[0067]

Further, in the rapid-hardening mortar compositbthe 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 nartomposition due to an environmental
temperature. In addition, since a setting moddigtion by the setting modifier is
exerted at an early stage, a setting initial tirmedmes more stable and longer, and fluidity
after addition of water increases. Since sodiulfa®ihas a particularly high rate of
dissolution in water, sodium sulfate has a higkeafbf improving fluidity of the
rapid-hardening mortar composition after additibrvater.

[0068]

Further, a hardened body of the rapid-hardeningancomposition containing
the short fibers has improved cracking resistamcesérength and has excellent durability
against fatigue. Therefore, the rapid-hardeningan@omposition containing such short
fibers can be suitably used for restoring a cresti@n of a site where a repetitive fatigue
load is applied, such as a concrete slab or argrfde bridge. In addition, this
rapid-hardening mortar composition can be suitallyd as a material of a back-filling

grout material used for PC pavement and RC pavenfeitport runways where a heavy
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load is applied.

[0069]

Further, the rapid-hardening mortar compositiontaming the powdered
emulsion is excellent in freeze-thaw resistancerdfeing immersed in water and has
improved adhesion to the concrete structure. Toerethe rapid-hardening mortar
composition including the powdered emulsion casiigably used for cross-section
restoration of various concrete structures, sugbiexsbridge, tunnel, and concrete
pavement. In addition, this rapid-hardening moctamposition can be suitably used as
an injection grout for pavement in cold districts.

[0070]

Further, in a hardened body of the rapid-hardeningar composition containing
the silica fume, progress of carbonation and pisxyod diffusion of chloride ions are
suppressed. Therefore, the rapid-hardening mootaposition containing the silica
fume can be suitably used for restoring concretegires impaired by salt damage.

[0071]

Further, a hardened body of the rapid-hardeningancomposition containing
the synthetic polymer-based thickening water-réd@gent has improved freeze-thaw
resistance. Therefore, the rapid-hardening pagct@pair material containing the
synthetic polymer-based thickening water-retenéigant can be suitably used for
restoring concrete structures in cold districts.

[0072]

Further, the rapid-hardening mortar compositiontaming the anti-freezing
agent makes it possible to obtain a hardened badyd high properties of early age
strength even under a cryogenic temperature envieot  Therefore, this

rapid-hardening mortar composition containing the-lieezing agent can be suitably
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used as an injection grout for pavement in colttidis.

[0073]

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

For example, the rapid-hardening mortar 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 agentaaring agent, a blowing agent, a
defoaming agent, an anti-rust agent for reinformaucrete, an admixing agent which is
non-separable in water, a water-retention agehtyiag shrinkage reducing agent, an
anti-washout admixture for underwater (viscositgrmty, an anti-freezing agent, and the

like.

EXAMPLES

[0074]

Next, examples of the present invention will beatibed in detail together with
comparative examples.

[0075]

[Materials used]

Types, compositions, and abbreviations of the naseused in these examples
and comparative examples are shown in Table 1.

[0076]



Table 1

Materia Composition and the lil Abbreviatior
. . . 12CaQrAl,0s, vitrification rate: 92% i
Calcium aluminate clinker | - ool composition ADs: 45.1%. CaO: 47.3%, Si03.9% CA-CL
Inorganic sulfat CaSQ, hydrofluoric acid anhydrite type Il, Blaine spcisurface area of 9,850 éfg CS

Ordinary Portland ceme  [Manufactured by Mitsubishi Materials CorporatiotaiBe specific surface area of 3,340 N
I(;Ié%\e%arly strength Portlar Manufactured by Mitsubishi Materials CorporatioaiBe specific surface area of 4,250 H
Na,COs, sodium carbonate (anhydrous neutral mirabilga)ticle size of 45 to 9Am Na-1
Inorganic carbonate Na,COs, sodium carbonate (anhydrous neutral mirabilga)ticle size of 90 to 150m Na-2
Na,CQO;, sodium carbonate (anhydrous neutral mirabilgajticle size of 150 to 500m Na-3
Na,AlO,, sodium aluminate, particle size of 45 to 80 Al-1
Sodium aluminate Na,AlO,, sodium aluminate, particle size of 90 to 160 Al-2
Na,AlO,, sodium aluminate, particle size of 150 to pdd Al-3
Tartaric acid, particle size of to 9C um Ta-1
Oxycarboxylic acid Tartaric acid, particle size of to 15C um Ta-2
Tartaric acid, particle size of 1to 50C um Ta-3
Sodium sulfate Na,SQ;, sodium sulfate, particle size of 150 to 60 NS-3
Dry silica sand (particldiamete of 15C um to 3,00C um) silica sand no. 3:no. 4:no. 5:no. | S3-6
Fine aggregate 1:2:2:1 (mass rati
Dry silica sand (particldiamete of 9C um to 20C um) S
Silica fume Manufactured by EFACO (BET specific surface are@26 ni/g) SF
Synthetic polyme-basec
thickening water-retention Manufactured by BASF, STARVIS S5514F Ad
agen
Defoaming ager San Nopco Limited, SN DEFOAMER 14| 14HF
Organc short fiber Unitika Ltd., PVA fibers, ANYLON AB, fiber length of 6 mr _ . PVA
Powdered emulsion cMoe;)r:)llj;?r(l:g#rreei iby Nichic-Movinyl Co., Ltd., LDM2071P, vinyl acetate/\Veovarglc acid este P
Water-reducing agent ;g)élnCorporatlon, POLITY M2-335S, polycarboxylic ac-basechigh range watrreducing MX
Anti-freezing agel Calcium nitrite, Manol Corporation, MANOL a-freezing agent NA CN

LE
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[0077]

[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

[0078]

(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 rifengition of 3,000 times.

Next, element analysis of the particles captuneithié SEM images was carried
out using an electron probe micro analyzer (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 thepiag 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 an average value thereof was cadulat

[0079]

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).

[0080]

[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 (@8f charged into a mixer in an
amount of 120 parts by mass with respect to 106 figrmass of the obtained calcium
aluminate powder, and mixed. The obtained mixtae designated as a
rapid-hardening admixture (SA-2).

[0081]

[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.

[0082]
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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).

[0083]

[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-8yd 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).

[0084]

[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).

[0085]

[Preparation of highly concentrated- setting miedi€ontaining 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
highly concentrated-setting modifier-containing tane (Set-3).

[0086]

[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
modifier mixture (Set-2), the fine aggregate (S3tb¢ water-reducing material (MX) and
the defoaming agent (14HP) were charged into amaikproportions (parts by mass)
shown in Table 2, and were dry-mixed to producapadrhardening mortar composition

(rapid-hardening patching repair material for lnfy method).

[0087]
Table 2
Rapic-hardeiing
admixture N | Set-1| Set-2l Set-3 S3-6 MX4HP
SA-1| SA-2| SA-3
Example 1| 100 - - 200 8 - - 500 | 0.8 1.2
Comparativg
Example | - 100 - | 200 - 4 - 500 | 0.8 1.2
Example 2 - - 100 200 - - 8 500 | 0.8 1.2

Unit: Parts by mass

[0088]

15 parts by mass of water was added to 100 pantsass of each of the obtained
rapid-hardening mortar compositions, and the métuas kneaded for 2 minutes with a
forced-kneading concrete mixer to prepare mortélsing the prepared mortars, the

respective physical properties of a JIS flow valighout dropping motion, setting time,
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and compression strength were measured.

For the JIS flow value without dropping motion,aocordance with JIS R 5201
"Physical Test Method for Cement", a flow value wasasured without a dropping
motion by table flow.

The setting initial time was measured in accordamith JIS R 5201 "Physical
Test Method for Cement".

The compression strength was measured in accardeitit JIS R 5201 "Physical
Test Method for Cement".

[0089]

In order to check temperature characteristich®frapid-hardening mortar
composition, the respective physical propertiethefJIS flow value without dropping
motion, the setting time, and the compression gttewere measured at environmental
temperatures of°&, 20°C, and 38C. The results are shown in Table 3.

Further, in order to check storage characteristicke rapid-hardening mortar
composition, the rapid-hardening mortar compositi@s packed in plastic bags
(capacity: 12 L), and pinholes (pore diameter:rirB) 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 rapidiening mortar compositions after
storage, mortars were prepared, and the respgatixgcal properties of the JIS flow
value without dropping motion, the setting timegdne compression strength were
measured. The respective physical propertiedsatithe were measured at an
environmental temperature of ZD.  The results are shown in Table 4.

[0090]
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Table 3
_ JIVSaIflIJ%WSettm%nm( Compression strength (N/nfjn
Environmentg . . (min)
temperature without
°C) dmpp'nglnitialFinish Age of 2 Age of 3| Age of /Age of 2¢
motion hours | hours | 7 days| days
(mm)
5 272 | 48| 56 10.5 28.7 46.0 65.4
Example 1 20 283 | 51| 56 12.8 30.3 48.5 68.6
35 295 | 50| 55 13.6 32.2 49.1 68.8
_ 5 241 | 67| 80 3.5 10.6 38.9 49.6
C@gfnagf‘g"{ 20 295 | 52| 65| 96| 224 403 513
35 324 | 41| 58 11.0 20.2 37.7 50.2
5 288 | 47| 56 11.0 29.0 47.9 66.3
Example 2 20 302 | 49| 53 13.3 33.2 48.9 68.8
35 310 | 50| 54 14.5 34.1 50.6 69.3
[0091]
Table 4
JIS flow N . ,
value |Setting time (min) Compression strength (N/nfim
Storage without
(&eonn(iﬁ) dropping .. | Finish [Age of 2Age of 3Age of Age of
motion hours | hours |7 days28 days
(mm)
Immediatel)
after 283 51 56 12.8 30.3 48.5 68/6
Example 1 productiol
3 288 52 58 13.0 31.2 488 682
6 290 52 56 12.7 31.0 48p 68|5
Immediatel)
after 295 52 65 9.6 22.4| 40.83 51;3
Comparativ pI‘OdUCtIOI
Example 1 3 221 77 105 0.6 3.6 32.83 48|0
120 or | 180 or| Not Not
6 185 more more |availabldavailable 27.5| 326
Immediatel)
after 302 49 53 13.3 33.2] 48.9 68)8
Example 2 productiot
3 300 50 55 13.5 33.8 49p 68|4
6 304 50 54 13.2 33.5 490 68|9
[0092]

From the results shown in Table 3, it was confulrtieat the rapid-hardening

mortar compositions of Examples 1 and 2 had snaalations in the JIS flow value
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without dropping motion, the setting time, and tloenpression strength due to an
environmental temperature as compared with thelfapidening mortar composition of
Comparative Example 1, and thus were excellergnmperature stability. In particular, it
was confirmed that the rapid-hardening mortar casitjpm of Example 2 containing
sodium sulfate had a large JIS flow value withaaipging motion and excellent fluidity.

Further, from the results shown in Table 4, it wasfirmed that the
rapid-hardening mortar compositions of Examplesd 2had small variations in the JIS
flow value without dropping motion, the setting émand the compression strength due to
storage as compared with the rapid-hardening moaiaposition of Comparative
Example 1, and thus were excellent in storagelgtabi

[0093]

[Examples 3 and 4, and Comparative Example 2]

The rapid-hardening admixture (SA-1, SA-2, SAHyh early strength Portland
cement (H), the highly concentrated-setting modifientaining mixture (Set-1, Set-3), the
setting modifier mixture (Set-2), the fine aggregéd3-6), and the defoaming agent
(14HP) were charged into a mixer at proportionst§play mass) shown in Table 5, and
were dry-mixed to produce a rapid-hardening martanposition (rapid-hardening

patching repair material for a spraying method).

[0094]
Table 5
Rapic-hardening
admixture H | Set-1| Set-2| Set-3 S3-6 14HP
SA-1 | SA-2| SA-3
Example 3 100 - - 350 145 - 650 1.5
Comparativ
Example : - 100 - 350 - 7.3 - 650 1.5
Example 4 - - 100 | 350 - - 14.5 650 1.5

Unit: Parts by mass
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[0095]

13 parts by mass of water was added to 100 ppmsdss of each of the obtained
rapid-hardening mortar compositions, and the mexwuas kneaded for 2 minutes with a
forced-kneading concrete mixer to prepare mortélsing the prepared mortars, the
respective physical properties of a flow value wviihtimes dropped at JIS R 5201, setting
time, and compression strength were measured.

For the flow value with 15 times dropped at JISA®1, in accordance with JIS R
5201 "Physical Test Method for Cement", a flow ealas measured when a dropping
motion by table flow was applied 15 times.

The setting time and the compression strength wex@sured by the methods
described above. Test pieces for the compressiengsh test were manufactured by a
spraying method.

[0096]

In order to check temperature characteristich®frapid-hardening mortar
composition, the respective physical propertiethefflow value with 15 times dropped at
JIS R 5201, the setting time, and the compressrength were measured at
environmental temperatures diG 20°C, and 38C. The results are shown in Table 6.

Further, in order to check storage characteristiche rapid-hardening mortar
composition, the rapid-hardening mortar composstimere stored in a room at a
temperature of 3@ and a humidity of 80% RH for 3 months and 6 menthspectively
in the same manner as in Example 1. With respeitiet rapid-hardening mortar
compositions after storage, mortars were preparmdthe respective physical properties
of the flow value with 15 times dropped at JIS RB2the setting time, and the
compression strength were measured. The respgittysical properties at this time

were measured at an environmental temperature°@f.20The results are shown in Table
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7.
[0097]
Table 6
Flow valug N . Compression strength
i Setting time (min
Environmenta V\'éilmelss : (min) (N/mn)
temperature dropped a A ¢ a A ;
°C " L ge of 3Age of 7 Age o
(C) |aisR5201 Initial | Finish hours | days |28 days
(mm)
5 170 70 80 20.6| 32.3 58.4
Example 3 20 178 68 76 23.2| 36.0 59.8
35 180 62 69 23.00 36.3 60.1
_ 5 125 95 110 104 244 48.9
C@gfnagfg"z’ 20 172 70 88 | 167 253 531
35 196 42 62 17.7 26.8 52.6
5 183 69 78 21.9] 339 59.7
Example 4 20 188 66 74 24.2| 37.6 61.5
35 192 61 69 23.4/ 37.9 61.4
[0098]
Table 7
Flow value N : Compression strength
i Setting time (min
Storage V‘{:tmh e135 g (min) (N/mn)
(&eorlntiﬁ) dropped at Initial Finish |Age of 3Age of 1 Age of
J'?rﬁn%ZO-L hours | days |28 days
Immediatel)
after 178 68 76 23.2 36.0 59.8
Example 3 productiot
3 181 66 73 23.0 36.3 60.2
6 181 65 71 23.6 36.8 60.(
Immediatel)
after 172 70 88 16.7 25.3 53.1
Compara‘“v prOdUC“OI
Example 2 3 125 93 125 8.4 21.1 51.4
120 or 180 or Not
6 100 more more  [availablg 19.5 46.3
Immediatel)
after 188 66 74 24.2 37.6 61.5
Example 4 productiol
3 190 65 71 24.5 38.0 61.9
6 188 67 75 23.7 38.1 60.9
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[0099]

From the results shown in Table 6, it was confulrtteat the rapid-hardening
mortar compositions of Examples 3 and 4 had snaalations in the flow value with 15
times dropped at JIS R 5201, the setting time,theadompression strength due to an
environmental temperature as compared with thelfapidening mortar composition of
Comparative Example 2, and thus were excellerdgrimperature stability. In particular, it
was confirmed that the rapid-hardening mortar casitjpm of Example 4 containing
sodium sulfate had a large flow value with 15 tirdespped at JIS R 5201 and excellent
fluidity.

Further, from the results shown in Table 7, it wasfirmed that the
rapid-hardening mortar compositions of Examplea®4had small variations in the flow
value with 15 times dropped at JIS R 5201, themggetime, and the compression strength
due to storage as compared with the rapid-hardenorgar composition of Comparative
Example 2, and thus were excellent in storagelgtabi

[0100]

[Examples 5 and 6, and Comparative Example 3]

The rapid-hardening admixture (SA-1, SA-2, SAF8§h early strength Portland
cement (H), the highly concentrated-setting modifientaining mixture (Set-1, Set-3), the
setting modifier mixture (Set-2), the fine aggregéd3-6), the water-reducing material
(MX), and the defoaming agent (14HP) were chargéala mixer at proportions (parts by
mass) shown in Table 8, and were dry-mixed to predurapid-hardening mortar
composition (rapid-hardening patching repair matdar a prepacking method).

[0101]
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Table 8
Rapic-hardening
admixture H | Set-1| Set-2| Set-3 S3-p MX4HP
SA-1 | SA-2| SA-3
Example 5 100 - - | 300 11.0 - - 570 | 0.90 2.5
Comparativ
Example : - 100 - 300 - 55 - 570 | 0.90 2.5
Example 6] - - 100 | 300 - - 11.0 | 570| 0.90 2.5

Unit: Parts by mass

[0102]

22 parts by mass of water was added to 100 pwntsass of each of the obtained
rapid-hardening mortar compositions, and the mexwuas kneaded for 2 minutes with a
forced-kneading concrete mixer to prepare mortélsing the prepared mortars, the
physical properties ofiJfunnel flow time, setting time, and compressiaersgth were

measured.

The J4 funnel flow time was measured in accordance vhighstandard of Japan
Society of Civil Engineers, JSCE-F 541 "FluiditysTéethod of Filled Mortar".

The setting time and the compression strength wex@sured by the methods
described above.

[0103]

In order to check temperature characteristich®frapid-hardening mortar
composition, the respective physical propertiethefd, funnel flow time, the setting time,
and the compression strength were measured abemental temperatures ofG, 20C,
and 33C. The results are shown in Table 9.

Further, in order to check storage characteristiche rapid-hardening mortar
composition, the rapid-hardening mortar composstimere stored in a room at a
temperature of 3@ and a humidity of 80% RH for 3 months and 6 menthspectively

in the same manner as in Example 1. With respeitiet rapid-hardening mortar
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compositions after storage, mortars were preparmdlthe respective physical properties
of the J4funnel flow time, the setting time, and the conggien strength were measured.
The respective physical properties at this timeawseasured at an environmental

temperature of 2. The results are shown in Table 10.

[0104]
Table 9
Environmentd Ji4 funnel | Setting time (min) Compasiri%rzl)strength
temeerature flow time ~ — t9Age of 1 Age of
°C) (sec) Initial Finish Aﬁguors gdays 28 days
5 4.5 38 44 15.2 46.2 58.7
Example 5 20 4.1 35 38 16.6 48.5 60.5
35 4.0 33 36 17.8 49.7 60.3
_ 5 53 43 55 10.9 40.2 54.3
Cg)gfnagf‘e“g 20 4.2 33 43 | 146] 434 57.4
35 34 27 35 15.1 445 56.5
5 4.2 36 42 15.5 46.3 58.6
Example 6 20 4.0 35 38 17.0 48.9 61.0
35 3.9 34 37 18.0 49.6 61.2
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[0105]
Table 10

Storage | Jifunnel | Setiing time (min) | COMPression strengtr
period | flow time Ade of 3A0e of 7 Ade of
month iti i ge o 9Age o ge o
( ) (sec) Initial Finish hours | days |28 days

Immediatel)
after 4.1 35 38 16.6 48.5 60.5

Example 5 productiol
3 4.2 36 40 16.9 49.2 60.¢
6 4.4 36 41 16.7 49.3 61.3

Immediatel
after 4.2 33 43 14.6 43.8 57.4

Comparativ| productior
Example 31 3 4.9 56 69 78| 404 544
6 55 77 95 4.5 37.4 53.8

Immediatel
after 4.0 35 38 17.0 48.9 61.0

Example 6 productiot
3 4.1 36 39 17.3 49.6 61.8
6 4.2 37 40 17.1 49.5 62.(

[0106]

From the results shown in Table 9, it was confulrtteat the rapid-hardening
mortar compositions of Examples 5 and 6 had snaai&tions in the J funnel flow time,
the setting time, and the compression strengtht@ae environmental temperature as
compared with the rapid-hardening mortar compasiibComparative Example 3, and
thus were excellent in temperature stability. amtigular, it was confirmed that the
rapid-hardening mortar composition of Example 6taming sodium sulfate had a short
Ji4 funnel flow time and excellent fluidity.

Further, from the results shown in Table 10, iswanfirmed that the
rapid-hardening mortar compositions of Examplesd @& had small variations in the, J
funnel flow time, the setting time, and the compres strength due to storage as
compared with the rapid-hardening mortar compasiibComparative Example 3, and

thus were excellent in storage stability.
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[0107]

[Examples 7 to 11]

PVA short fibers (fiber diameter: 26n, fiber length: 3 mm) as short fibers were
added to the rapid-hardening mortar compositioB>x@&mple 1 such that the amount of
the short fibers with respect to the entire amatithe rapid-hardening mortar
composition was 0.05% by mass (Example 7), 0.1%aygs (Example 8), 0.5% by mass
(Example 9), 1.0% by mass (Example 10), or 3.0%nbgs (Example 11), and mixed to
prepare rapid-hardening mortar compositions of EXam7 to 11 containing the short
fibers.

15 parts by mass of water was added to 100 ppmsdss of each of the obtained
rapid-hardening mortar compositions containingshert fibers, and mortar was prepared
in the same manner as in Example 1. For the addaimortars, the JIS flow value
without dropping motion was measured.

Further, for specimens manufactured using theimédamortars, a repeated
fatigue test of 2,000,000 times was performed. faligue test was carried out in
accordance with the method based on the former JSTAI04: 1999 "Fatigue Test
Method for Concrete by Repeated Compression Stregstevel of the fatigue test was
set as a static compression strength of 50 N/ramupper limit stress ratio of 65%, a
lower limit stress ratio of 10%, and a repetitiaterof 10 Hz, and a dimension of the

specimen wag 50 x 100 mm. The results are shown in Table 11.
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[0108]
Table 11
Type of AdSEdAmAN | NS fow vk | Condiion of being
short fibers™, N - ppiNg destroyed in fatigue test
(% by mass) motion (mm)
Example 7 0.05 285 Destroy(tai(gnzéz 1,450,1
Example 8 0.1 283 Good at 2,000,000 times
Example 9pya fibers 0.5 280 Good at 2,000,000 times
Example 1 275 Good at 2,000,000 time
10 ood at 2,000, times
Example 3 252 Good at 2,000,000 times
Example 1 - - 283 Destroyed at 34,132 times
[0109]

From the results shown in Table 11, it was corddrthat a compression fatigue
durability of the specimen (hardened body) manuif&et using the rapid-hardening
mortar composition containing the PVA short fibetas greatly improved even in the case
where the added amount of the short fibers was0 [ mass, and, in particular, the
compression fatigue durability was remarkably inmeiin the case where the 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.

[0110]

[Examples 12 to 17]

A powdered emulsion (P) was added to the rapiddr@ang mortar composition
of Example 3 such that the amount of the powdenedigon with respect to the entire
amount of the rapid-hardening mortar compositios @&% by mass (Example 12), 1.0%
by mass (Example 13), 2.0% by mass (Example 1@% %y mass (Example 15), 10.0%
by mass (Example 16), or 15.0% by mass (Exampleahit) mixed to prepare

rapid-hardening mortar compositions containinggbedered emulsion of Examples 12
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to 17.

13 parts by mass of water was added to 100 ppmsdss of each of the obtained
rapid-hardening mortar compositions containinggberdered emulsion, and mortar was
prepared in the same manner as in Example 3. M#ibect to the obtained mortars, the
flow value with 15 times dropped at JIS R 5201 wesasured.

Further, the obtained mortar was applied to aaserbf a concrete flat plate,
which had been subjected to roughening treatmemtaigr jet, in a dry blowing method.
The applied mortar was sealed and cured until 48 days. Compression strength of
hardened body of the obtained mortar and adhesiengih between the hardened body
and the concrete flat plate were measured. Thdtsesre shown in Table 12. The
compression strength was measured by the abovaemedtmethod, and the adhesion

strength was measured using a Kenken-type adhpeiperties test machine.

[0111]
Table 12
Flow value with' - compression |Adhesion streng
Added anount of 15 times droppe strenath (Age of (Ade of 28 davs
P (% by mass) atJIéeFé)5201 - dags) ((ngm S (Ag N y
Example 12 0.5 180 60.9 1.46
Example 13 1.0 184 63.2 1.67
Example 14 2.0 180 61.2 1.76
Example 15 5.0 177 57.5 1.9
Example 16 10.0 160 55.4 1.88
Example 17 15.0 152 50.2 1.83
Example 3 No addition 178 59.8 0.52
[0112]

From the results shown in Table 12, it was corgidrthat the hardened body
manufactured using the rapid-hardening mortar caitipa containing the powdered
emulsion had improved adhesion strength to theretalat plate, and, in particular, the

hardened body manufactured using the rapid-hardenirtar composition containing
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1.0% by mass or more of the powdered emulsion haatihesion strength of 1.5 N/rAim
or more to the concrete flat plate.

[0113]

[Examples 18 to 21]

Silica fume (SF) was added to the rapid-hardemuogtar composition of
Example 5 such that the amount of the silica furith mespect to the entire amount of the
rapid-hardening mortar composition was 1.0% by nfEzample 18), 5.0% by mass
(Example 19), 10.0% by mass (Example 20), or 150§%mass (Example 21), and mixed
to prepare rapid-hardening mortar compositionsxafriples 18 to 21 containing the silica
fume.

22 parts by mass of water was added to 100 pamsass of each of the obtained
rapid-hardening mortar compositions containingditiea fume, and mortar was prepared
in the same manner as in Example 5. The obtairethmwvas poured into a mold of 100
x 100 x 400 mm to prepare a test piece. A carlamalepth, a chloride ion diffusion
coefficient and a total amount of pores of the nfaciured test piece were measured by
the following methods. The results are shown ibldd 3.

[0114]

(Method for measuring carbonation depth)

In accordance with JIS A 1153 "Method for Accelerg Carbonation of
Concrete", the measurement was performed by cgrojim an accelerated test of 5% £0O
concentration.

(Method for measuring chloride ion diffusion caoetnt)

The measurement was performed in accordance keétstandard of Japan
Society of Civil Engineers, JSCE-G 572 "Test MetlfmdApparent Diffusion Coefficient

of Chloride lons in Concrete by Dipping".
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(Method for measuring total amounts of pores)

The measurement was performed by a mercury iomysorosimeter.

[0115]
Table 13
Carbonation depth Chloride ion
Added anoun{ Carbonation depth (mm) diffusi Total amour]
of SF (% by cc;efl;iscli(;;t of posres
mass 3 months 6 months
) (cmflyear) (mm7g)
Example 18 1.0 5.0 7.5 1.13 87.5
Example 19 5.0 3.5 5.5 0.97 67.7
Example 20 10.0 35 5.0 0.87 65.8
Example 21 15.0 4.5 6.0 0.90 68.2
Example 5 0 8.0 11.5 1.85 135.0
5 [0116]

From the results shown in Table 13, it was cordidnthat test piece (hardened

body) manufactured using the rapid-hardening maanposition containing the silica

fume had a decreased total amount of pores, asdottmgress of carbonation and progress

of diffusion of chloride ions were suppressed.
10 [0117]

[Examples 22 and 23]

A synthetic polymer-based thickening water-remmtigent (Ad) was added to
the rapid-hardening mortar composition of Examp#idh that the amount of the
synthetic polymer-based thickening water-retenéigant with respect to the entire

15 amount of the rapid-hardening patching repair niteras 0.1% by mass (Example 22)
or 0.3% by mass % (Example 23), and mixed to peepsgpid-hardening mortar
compositions of Examples 22 and 23 containing tiiekéning water-retention agent.

15 parts by mass of water was added to 100 ppmsdss of each of the obtained
rapid-hardening mortar compositions containingdynethetic polymer-based thickening

20 water-retention agent, and mortar was preparelgesame manner as in Example 1.
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Using the obtained mortars, a freeze-thaw testoaased out. The test was carried out
up to 300 cycles in accordance with JIS A 1145 éFecthaw Test Method for Concrete”,
and a relative dynamic modulus of elasticity wasisueed. The results are shown in FIG.
3.

[0118]

From the results shown in FIG. 3, it was confirntest the concrete
manufactured using the rapid-hardening mortar caitipa containing the synthetic
polymer-based thickening water-retention agentrieathrkably improved freeze-thaw
resistance even in the case where the amount didieening water-retention agent
added was 0.1% by mass to 0.3% by mass which wals, smd a relative dynamic
modulus of elasticity of 80% or more was maintaiegdn after repeated 300 freeze-thaw
cycles.

[0119]

[Examples 24 and 25, and Comparative Example 4]

The rapid-hardening admixture (SA-1, SA-2, SAd@inary 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 14, and were dry-mixed to produce a rdq@icdening mortar composition.
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[0120]
Table 14
Rapic-hardening
admixture N | Set-1| Set-2| Set-3 S P 14HP
SA-1 | SA-2| SA-3
Example 24 100 - - | 500 8 - - 100 | 14
Comparativ
Examplé 4 - 100 - | 500 - 4 - 100 | 14
Example 2% - - 100 | 500 - - 8 100 | 14

Unit: Parts by mass

[0121]

50 parts by mass of water was added to 100 pwntsass of each of the obtained
rapid-hardening mortar compositions, and the mexwas kneaded for 2 minutes with a
hand mixer to prepare cement milk. Using the pregh@ement milks, the respective
physical properties of P funnel flow time, settiilge, and compression strength were
measured. The P funnel flow time was measuredllsvs. The setting time and the
compression strength were measured by the metlesdsibded above.

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

[0122]

In order to check temperature characteristich®frapid-hardening mortar
compositions, the respective physical propertiethefP funnel flow time, the setting time,

and the compression strength were measured abenvental temperatures of®, 20C,

and 38C. The results are shown in Table 15.
Further, in order to check storage characteristicke rapid-hardening mortar
compositions, the rapid-hardening mortar compasstimere stored in a room at a

temperature of 3@ and a humidity of 80% RH for 3 months and 6 menthspectively
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in the same manner as in Example 1. With respeittet rapid-hardening mortar
compositions after storage, cement milks were peghand the respective physical
properties of the P funnel flow time, the settimye, and the compression strength were
measured. The respective physical propertiedsatithe were measured at an

environmental temperature of ZD.  The results are shown in Table 16.

[0123]
Table 15

Environments P funnel | Setting time (min) Comp(rl(\air?r(:]g)strength
temperature flow time - — t 2Age of IAge of 7

(°C) (sec) | Initial | Finish Aﬁguc;s‘ ﬁours days
5 11.3 48 59 4.5 7.8 25.§
Example 24 20 10.9 46 54 4.8 8.1 26.3
35 10.6 45 51 51 8.3 27.8
_ 5 12.1 63 80 1.0 4.5 24.2
Cé’)gfnagfg'x 20 10.8 45 60 36| 52| 255
35 9.6 36 52 4.2 6.7 25.8
5 10.5 47 56 5.0 8.4 26.(
Example 25 20 9.8 47 52 5.4 8.6 26.9
35 9.6 45 49 54 9.0 27.4

[0124]
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Table 16
Lo : Compression strength
Storage P funnel Sett|ng time (m|n) (N/mmz)
period | flow time g of 3Age of 3Ade of 1
month sec iti in ge o ge or yAge o
( ) | (sec) Initial Finish "5 <1 Bours days
Immediatel
after 10.9 46 54 4.8 8.1 26.3
Example 2/ productiot
3 10.7 48 56 4.8 8.0 26.5
6 10.9 48 57 4.7 8.3 27.C
Immediately
after 10.8 45 60 3.6 5.2 25.5
Comparativ productiot -
0
Example 4 3 12.7 81 115 available 1.4 23.1
120 or 180 or Not Not
6 13.4 more more |availabl¢availablg 12.2
Immediatel
after 9.8 a7 52 5.4 8.6 26.8
Example 2 productiotr
T 3 9.6 48 53 5.3 8.8| 274
6 9.6 48 53 55 8.5 28.0
[0125]

From the results shown in Table 15, it was cordinthat the rapid-hardening
mortar compositions of Examples 24 and 25 had swaaiations in the P funnel flow time,
the setting time, and the compression strengtht@ae environmental temperature as
compared with the rapid-hardening mortar compasiibComparative Example 4, and
thus were excellent in temperature stability. dntigular, it was confirmed that the
rapid-hardening mortar composition of Example 26taming sodium sulfate had a short
P funnel flow time and excellent fluidity.

Further, from the results shown in Table 16, iswanfirmed that the
rapid-hardening mortar compositions of Examplesui2d 25 had small variations in the P
funnel flow time, the setting time, and the compres strength due to storage as
compared with the rapid-hardening mortar compasiibComparative Example 2, and

thus were excellent in storage stability.
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[0126]

[Examples 26 to 31]

The powdered emulsion (P) was added to the ragideming mortar composition
of Example 24 such that the amount of the powdenadlsion with respect to the entire
amount of the rapid-hardening mortar compositios @&% by mass (Example 26), 1.0%
by mass (Example 27), 2.0% by mass (Example 28% fy mass (Example 29), 10.0%
by mass (Example 30), or 30.0% by mass (Exampleadt) mixed to produce
rapid-hardening mortar compositions containinggbe/dered emulsion.

[0127]

45 parts by mass of water was added to 100 ppmsass of each of the obtained
rapid-hardening mortar compositions containinggbe/dered emulsion, and the mixture
was kneaded for 2 minutes with a hand mixer toaepgement milk.  Using the
prepared cement milks, the P funnel flow time, eachpression strength at age of 7 days
were measured. The results are shown in Table 17.

Further, each of the prepared cement milks wagief into an open-graded
asphalt mixture (100 x 200 x thickness of 100 menjifng 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 paverbedy 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 obserVée results are shown in Table
17.

[0128]
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Table 17
Compressio Condition of appearance due to
Added P funnel | strength at| freeze-thaw cycles
amount of flow ti £7
P (% by | oW time ) age o 50
mass) | (S€C) days | o oles| [L0O cycle50 cycle200 cycles
(N/mn)
Scraproff
of
Exgrgple 0.5 10.7 26.6 Good  Good  Good injection
material
occurrel
Scraproff
of
Ex%r7nple 1.0 10.9 25.8 Good  Good Good injection
material
occurrel
Ex%rgple 2.0 10.9 26.3 Good  Good Good Goofd
Exggﬁple 5.0 11.4 25.2 Good  Good Good Goofd
Ex%r(l)wple 10.0 11.8 24.4 Good  Good Good Good
EX%TDIe 30.0 13.8 23.1 Good Good  Good  Good
Scrapr-off|Scrap«-off
Example o e
24p - 10.8 26 Good | injection | injection -
material | material
occurec |progresse
[0129]

mass.

From the results shown in Table 17, 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 posedemulsion was less than 0.5% by

On the other hand, it was confirmed th#tércase where the added amount of

[0130]

the powdered emulsion.

[Examples 32 to 36]

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
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An anti-freezing agent (CN) was added to the rdgaiciening mortar
composition of Example 24 such that the amounhefanti-freezing agent with respect to
the entire amount of the rapid-hardening mortarpasition was 1.0% by mass (Example
32), 2.0% by mass (Example 33), 3.0% by mass (ElaB¥), 5.0% by mass (Example
35), or 10.0% by mass (Example 36), and mixed ¢olyee rapid-hardening mortar
compositions containing the anti-freezing agent.

[0131]

45 parts by mass of water at a temperature ©fvitlas added to 100 parts by mass
of each of the obtained rapid-hardening mortar amsitpns containing the anti-freezing
agent, and the mixture was kneaded for 2 minutés avhand mixer under an
environment of -&C to prepare grout.

Each of the obtained grouts was injected intoetlaydindrical containers (inner
diameter ofp 50 x height of 100 mm), respectively. These tlu@mdrical containers
were placed in an insulating container made of f@dstyrol and having an inside
dimension of 200 mm and 150 x 150 mm, and the gmastcured 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 hourswessured, and an average thereof was
obtained. The results are shown in Table 18.

[0132]
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Table 18
Added Temperature°C) Compressig
amount of Temperatur strength at
CN (% by [External ai Material | Water | of mixed | 29€0f3
mass) [emperatuftemperaturtemperatul  mortar hours
(grout) (N/mn)
Exgrznp'e 1.0 5 3.2 5.1 0.7 2.3
Ex%rsnple 2.0 -5 -3.6 5.3 0.6 3.8
Ex%Tple 3.0 -5 -3.3 5.2 0.6 4.8
Ex%rSnple 5.0 -5 -35 4.9 0.7 5.4
Example) 10,0 5 3.8 5.2 0.5 5
Example Not
24 . - 3.5 51 0.6 measurab!
[0133]

From the results shown in Table 18, it was corgdrthat a hardened body could
be generated from the rapid-hardening mortar coitiposncluding the anti-freezing

agent even under an environment 6iG5

Industrial Applicability

[0134]

In the rapid-hardening mortar composition of thesgnt embodiment, variations
in setting initial time due to an environmental parature 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 har@enreaction proceeds, and properties of
early age strength are excellent. Therefore,ap&lrhardening mortar composition of
the present embodiment is suitably applied as@paj repair material used in a patching
repair method, and an injection grout for pavenvdmth is a raw material for a
back-filling grout material used for PC pavemerd &C pavement, cement milk used for

semi-flexible pavement, and the like.
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CLAIMS

1. Arapid-hardening mortar composition, compgsin

a rapid-hardening admixture;

5 cement; and

a fine aggregate,

wherein the cement is contained in an amount 0fglts by mass to 2,000 parts
by mass with respect to 100 parts by mass of thie+tzardening admixture,

the rapid-hardening admixture is a composition tieatains: calcium aluminate;

10 inorganic sulfate in an amount of 50 parts by ni@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 of the calcium alateins in a range of 8m to 100

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

2. The rapid-hardening mortar composition accaydinclaim 1,
wherein the fine aggregate is contained in an atnoli200 parts by mass to
1,000 parts by mass with respect to 100 parts kssrofthe rapid-hardening admixture.
20
3. The rapid-hardening mortar composition accardanclaim 2, which is a patching

repair material.

4. The rapid-hardening mortar composition accagdanclaim 1,

25 wherein the fine aggregate is contained in an amoul0% by mass to 67% by
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mass with respect to the entire amount of the rhpidening mortar composition.

5. The rapid-hardening mortar composition accagdanclaim 4, which is an injection

grout for pavement.

6. The rapid-hardening mortar composition accardanclaim 1,
wherein the setting modifier includes one or mafrainorganic carbonates,

oxycarboxylic acids, sodium aluminate, and sodiulfate.

7. The rapid-hardening mortar composition accardanany one of claims 1 to 6,
wherein the setting modifier is further addedhsat an amount of the setting
modifier with respect to the entire amount of thpid-hardening mortar composition is in

a range of 0.01% by mass to 5% by mass.

8. The rapid-hardening mortar composition accaydinclaim 7,

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

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

9. The rapid-hardening mortar composition accardanany one of claims 1 to 8,
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-hardemingar composition.
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10. The rapid-hardening mortar composition ace@do any one of claims 1 to 9,
wherein a powdered emulsion is further includednramount of 0.5% by mass
to 30% by mass with respect to the entire amoultii@fapid-hardening mortar

composition.

11. The rapid-hardening mortar composition acewydo any one of claims 1 to 10,
wherein silica fume is further included in an amiaof 1% by mass to 15% by

mass with respect to the entire amount of the raprdlening mortar composition.

12. The rapid-hardening mortar composition aceaydo any one of claims 1 to 11,
wherein a synthetic polymer-based thickening wedtgntion agent is further
included in an amount of 0.1% by mass to 0.3% bgsweth respect to the entire amount

of the rapid-hardening mortar composition.

13. The rapid-hardening mortar composition ace@ydo any one of claims 1 to 12,
wherein an anti-freezing agent that consists ef@nmore of sodium acetate,
calcium acetate, and calcium nitrite is furtheduded in an amount of 1% by mass to

10% by mass with respect to the entire amountefdipid-hardening mortar composition.



