DESCRIPTION

Title of Invention: POWDERED QUICK-SETTING AGENT, QUICK-SETTING
MATERIAL, QUICK-SETTING MATERIAL CURED PRODUCT, AND
SPRAYING METHOD

Technical Field
[0001]

The present invention relates to a powdered quick-setting agent, a
quick-setting material, a quick-setting material hardened product and a spraying
method, and especially to a powdered quick-setting agent, a quick-setting
material, a quick-setting material hardened product and a spraying method used

in the field of civil engineering and construction.

Background Art
[0002]

Heretofore, as a quick-setting technique for cement, for example, a
technique of separately feeding under pressure a powdered or suspended cement
quick-hardening material that contains a calcium aluminate and an inorganic
sulfate as main ingredients, and concrete, then combining and mixing them, and
hardening the resultant mixture for 30 seconds to several tens of minutes (for
example, see PTL 1). On the other hand, alum is known as a hardening
accelerator for cement, and is used as a part of a quick-setting agent for spraying
(for example, see PTL 2).

[0003]

As quick-setting agents currently available on the market, those
containing, as main ingredients, any of water glass, an alkali metal aluminate, a
combination of an alkali metal aluminate and an alkali metal carbonate, a
combination prepared by further combining an alkali metal aluminate or a
combination of an alkali metal aluminate and an alkali metal carbonate with a

calcined alunite, and a calcium aluminate are known.

Citation List
Patent Literature
[0004]



PTL 1: JP 57-10058 A
PTL 2: JP 2-1104 A

Summary of Invention
Technical Problem
[0005]

However, water glass, an alkali metal aluminate, an alkali metal alkali
carbonate, and a combination prepared by further combining an alkali metal
aluminate or a combination of an alkali metal aluminate and an alkali metal
carbonate with a calcined alunite are poor in quick-setting performance.
Consequently, for example, in a water contact environment where water exists
always or frequently, such as a spring-fed-fed area, spraying treatment is
especially difficult. Specifically, there is a problem that a spraying material
could hardly realize good adhering performance in a water contact environment.
In addition, in a spring-fed area, when a quick-setting material is pulverized and
combined with cement, the resultant mixture of the pulverized quick-setting
material and cement needs to lose flowability to an extremely high extent and, in
addition, excellent setting performance and strength expression are indispensable
for the mixture. Further, when a spray-treated spring-fed area is cracked after
spraying treatment, but when repairing the area is unnecessary or easy, such
spraying treatment is extremely significant from the viewpoint of maintenance.
[0006]

From the above, an object of the present invention is to provide a
powdered quick-setting agent which, when used as a quick-setting material,
shows good adhesiveness even in a water contact environment and which can
exhibit an excellent repairing action on cracked sites.

[0007]

The present inventors have made various investigations for the purpose of
solving the above-mentioned problems and, as a result, have found that, by using
a specific quick-setting agent, adhesiveness of spray concrete in a water contact
environment is improved and, in addition, even when spray concrete is cracked, it
still has a self-repairing performance, and have completed the present invention.
Specifically, as described below, the present invention includes a first aspect, a
second aspect, a third aspect and a fourth aspect of the invention. Hereinunder

the first to fourth aspects of the invention will be collectively referred to as the



present invention.

Solution to Problem

[0008]

<First Aspect of Invention>

[1] A powdered quick-setting agent containing a calcium aluminate and a
sodium silicate.

(2] The powdered quick-setting agent according to [1], wherein the molar
ratio of SiOz to Na20 in the sodium silicate (SiO2/Na20) is 0.5 to 1.5.

[3] The powdered quick-setting agent according to [1] or [2], wherein the
number of hydrates in the sodium silicate is 9 or less.

(4] The powdered quick-setting agent according to any of [1] to [3], wherein
the molar ratio of CaO to AlsOs in the calcium aluminate (CaO/AlzO3) is 2.0 to 3.0.
(5] The powdered quick-setting agent according to any of [1] to [4], further
containing at least one selected from the group consisting of an alkali carbonate, a
calcium hydroxide and an alum.

(6] The powdered quick-setting agent according to any of [1] to [5], further
containing at least one selected from the group consisting of an alkali metal
sulfate, an alkaline earth metal sulfate, and an aluminum sulfate.

[7] The powdered quick-setting agent according to [5] or [6], wherein the alum
1s at least one selected from the group consisting of potassium alum, sodium alum,
and ammonium alum.

(8] The powdered quick-setting agent according to any of [1] to [7], containing
the calcium aluminate in an amount of 30 to 80 parts by mass and the sodium
silicate in an amount of 0.5 to 20 parts by mass in 100 parts by mass of the
powdered quick-setting agent.

[9] The powdered quick-setting agent according to any of [5] to [8], containing
the alkali carbonate in an amount of 1 to 20 parts by mass, the calcium hydroxide
in an amount of 5 to 30 parts by mass and the alum in an amount of 0.5 to 30
parts by mass in 100 parts by mass of the powdered quick-setting agent.

[10]  The powdered quick-setting agent according to any of [6] to [9], containing
the alkali metal sulfate in an amount of 3 to 25 parts by mass in 100 parts by
mass of the powdered quick-setting agent.

[11]  The powdered quick-setting agent according to any of [6] to [9], containing

the alkaline earth metal sulfate in an amount of 10 to 60 parts by mass in 100
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parts by mass of the powdered quick-setting agent.

[12]  The powdered quick-setting agent according to any of [6] to [9], containing
the aluminum sulfate in an amount of 5 to 25 parts by mass in 100 parts by mass
of the powdered quick-setting agent.

[13] The powdered quick-setting agent according to any of [6] to [9] and [12],
wherein the number of hydrates in the aluminum sulfate is 5 to 18.

[14] The powdered quick-setting agent according to any of [6] to [13], wherein
the Blaine's specific surface area of the alkaline earth metal sulfate is 3000 cm?2/g
or more.

[15] A quick-setting material prepared by blending a powdered quick-setting
agent of any of [1] to [14] in spray mortar or spray concrete.

[16] The quick-setting material according to [15], wherein the spray mortar or
the spray concrete contains a blast furnace slag.

[17] A quick-setting material hardened product of a hardened product of a
quick-setting material of [15] or [16], which is such that cracks existing in the
surface thereof and having a maximum width of 0.1 mm are repaired 50% or more
in a water contact environment for at least 6 months.

[18] A spraying method, including mixing and combining a spray mortar or a
spray concrete while being conveyed, with a powdered quick-setting agent of any
of [1] to [14] to be a combined stream, and spraying the resultant stream to a
subject to be sprayed therewith.

[0009]

<Second Aspect of Invention>

[2-1] A powdered quick-setting agent containing a calcium aluminate, a sodium
silicate and an alkali metal sulfate.

[2-2] The powdered quick-setting agent according to [2-1], containing the alkali
metal sulfate in an amount of 3 to 25 parts by mass in 100 parts by mass of the
powdered quick-setting agent.

[2-3] The powdered quick-setting agent according to [2-1] or [2-2], wherein the
molar ratio of SiO2 to NazO in the sodium silicate (Si02/Naz0) is 0.5 to 1.5.

[2-4] The powdered quick-setting agent according to any of [2-1] to [2-3],
wherein the number of hydrates in the sodium silicate is 9 or less.

[2-5] The powdered quick-setting agent according to any of [2-1] to [2-4],
wherein the molar ratio of CaO to AlzOs in the calcium aluminate (CaO/AlzOs) is
2.0 to 3.0.
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[2-6] The powdered quick-setting agent according to any of [2-1] to [2-5], further
containing at least one selected from the group consisting of an alkali carbonate, a
calcium hydroxide and an alum.

[2-7] The powdered quick-setting agent according to [2-6], wherein the alum is
at least one selected from the group consisting of potassium alum, sodium alum,
and ammonium alum.

[2-8] The powdered quick-setting agent according to any of [2-1] to [2-7],
containing the calcium aluminate in an amount of 30 to 80 parts by mass and the
sodium silicate in an amount of 0.5 to 20 parts by mass in 100 parts by mass of the
powdered quick-setting agent.

[2-9] The powdered quick-setting agent according to any of [2-6] to [2-8],
containing the alkali carbonate in an amount of 1 to 20 parts by mass, the calcium
hydroxide in an amount of 5 to 30 parts by mass and the alum in an amount of 0.5
to 30 parts by mass in 100 parts by mass of the powdered quick-setting agent.
[2-10] The powdered quick-setting agent according to any of [2-6] to [2-9],
wherein the alkali carbonate is at least one selected from the group consisting of
sodium carbonate, sodium sesqui-carbonate, sodium bicarbonate, and potassium
carbonate.

[2-11] A quick-setting material prepared by blending a powdered quick-setting
agent of any of [2-1] to [2-10] in spray mortar or spray concrete.

[2-12] A quick-setting material hardened product of a hardened product of a
quick-setting material of [2-11], which is such that cracks existing in the surface
thereof and having a maximum width of 0.1 mm are repaired 50% or more in a
water contact environment for at least 6 months.

[0010]

<Third Aspect of Invention>

[3-1] A powdered quick-setting agent containing a calcium aluminate, a sodium
silicate and an alkaline earth metal sulfate.

[3-2] The powdered quick-setting agent according to [3-1], containing the
alkaline earth metal sulfate in an amount of 10 to 60 parts by mass in 100 parts
by mass of the powdered quick-setting agent.

[3-3] The powdered quick-setting agent according to [3-1] or [3-2], wherein the
molar ratio of SiO2 to NazO in the sodium silicate (Si02/Naz0) is 0.5 to 1.5.

[3-4] The powdered quick-setting agent according to any of [3-1] to [3-3],

wherein the number of hydrates in the sodium silicate is 9 or less.
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[3-5] The powdered quick-setting agent according to any of [3-1] to [3-4l,
wherein the molar ratio of CaO to AlzOs in the calcium aluminate (CaO/AlzOs) is
2.0 to 3.0.

[3-6] The powdered quick-setting agent according to any of [3-1] to [3-5], further
containing at least one selected from the group consisting of an alkali carbonate, a
calcium hydroxide and an alum.

[3-7]1 The powdered quick-setting agent according to [3-6], wherein the alum is
at least one selected from the group consisting of potassium alum, sodium alum,
and ammonium alum.

[3-8] The powdered quick-setting agent according to any of [3-1] to [3-7],
containing the calcium aluminate in an amount of 30 to 80 parts by mass and the
sodium silicate in an amount of 0.5 to 20 parts by mass in 100 parts by mass of the
powdered quick-setting agent.

[3-9] The powdered quick-setting agent according to any of [3-6] to [3-8],
containing the alkali carbonate in an amount of 1 to 20 parts by mass, the calcium
hydroxide in an amount of 5 to 30 parts by mass and the alum in an amount of 0.5
to 30 parts by mass in 100 parts by mass of the powdered quick-setting agent.
[3-10] The powdered quick-setting agent according to any of [3-6] to [3-9I,
wherein the alkali carbonate is at least one selected from the group consisting of
sodium carbonate, sodium sesqui-carbonate, sodium bicarbonate, and potassium
carbonate.

[3-11] A quick-setting material prepared by blending a powdered quick-setting
agent of any of [3-1] to [3-10] in spray mortar or spray concrete.

[3-12] A quick-setting material hardened product of a hardened product of a
quick-setting material of [3-11], which is such that cracks existing in the surface
thereof and having a maximum width of 0.1 mm are repaired 50% or more in a
water contact environment for at least 6 months.

[0011]

<Fourth Aspect of Invention>

[4-1] A powdered quick-setting agent containing a calcium aluminate, a sodium
silicate and an aluminum sulfate.

[4-2] The powdered quick-setting agent according to [4-1], containing the
aluminum sulfate in an amount of 5 to 25 parts by mass in 100 parts by mass of
the powdered quick-setting agent.

[4-3] The powdered quick-setting agent according to [4-1] or [4-2], wherein the
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molar ratio of SiOz to Na2O in the sodium silicate (Si02/Na20) is 0.5 to 1.5.
[4-4] The powdered quick-setting agent according to any of [4-1] to [4-3],
wherein the number of hydrates in the sodium silicate is 9 or less.
[4-5] The powdered quick-setting agent according to any of [4-1] to [4-4],
wherein the molar ratio of CaO to AlzOs in the calcium aluminate (CaO/Alz0s) is
2.0 to 3.0.
[4-6] The powdered quick-setting agent according to any of [4-1] to [4-5], further
containing at least one selected from the group consisting of an alkali carbonate, a
calcium hydroxide and an alum.
[4-7] The powdered quick-setting agent according to [4-6], wherein the alum is
at least one selected from the group consisting of potassium alum, sodium alum,
and ammonium alum.
[4-8] The powdered quick-setting agent according to any of [4-1] to [4-7],
containing the calcium aluminate in an amount of 30 to 80 parts by mass and the
sodium silicate in an amount of 0.5 to 20 parts by mass in 100 parts by mass of the
powdered quick-setting agent.
[4-9] The powdered quick-setting agent according to any of [4-6] to [4-8],
containing the alkali carbonate in an amount of 1 to 20 parts by mass, the calcium
hydroxide in an amount of 5 to 30 parts by mass and the alum in an amount of 0.5
to 30 parts by mass in 100 parts by mass of the powdered quick-setting agent.
[4-10] The powdered quick-setting agent according to any of [4-6] to [4-9],
wherein the alkali carbonate is at least one selected from the group consisting of
sodium carbonate, sodium sesqui-carbonate, sodium bicarbonate, and potassium
carbonate.
[4-11] A quick-setting material prepared by blending a powdered quick-setting
agent of any of [4-1] to [4-10] in spray mortar or spray concrete.
[4-12] A quick-setting material hardened product of a hardened product of a
quick-setting material of [4-11], which is such that cracks existing in the surface
thereof and having a maximum width of 0.1 mm are repaired 50% or more in a
water contact environment for at least 6 months.
[0012]

Here, the powdered quick-setting agent in the present invention is defined
to be one capable of imparting a quick-setting performance to cement paste,
cement mortar and cement concrete. Quick-setting means that extreme

hard-setting or flowability dissipation occurs more than immediately after



addition of the quick setting agent.

Advantageous Effects of Invention
[0013]

According to the present invention, there can be provided a powdered
quick-setting agent which, when used as a quick-setting material, exhibits good
adhesiveness (especially good adhesiveness even in a water contact environment)
and can exert an excellent repairing effect for cracked sites.

In particular, according to the third aspect of the invention, the
quick-setting material can have an improved initial and long-term strength
expressing performance and can exert an excellent repairing effect for cracked

sites.

Description of Embodiments
[0014]

Hereinunder embodiments of each aspect of the present invention
(embodiments of the invention) are described in detail. Unless otherwise
specifically indicated, part and % used in the present invention are by mass.
[0015]
<First Aspect of Invention>
[1. Powdered Quick-Setting Agent]

The powdered quick-setting agent of this embodiment contains a calcium
aluminate and a sodium silicate. When the agent is applied to a spring-fed area,
the calcium aluminate therein mainly gives good adhesiveness and the sodium
silicate therein exhibits an excellent repairing effect for cracked sites. In
particular, it is considered that sodium silicate can react with water in a
spring-fed area to form a gel that fills up cracked sites, and may again harden and,
as a result, it is presumed that the above-mentioned repairing effect can be hereby
exhibited.

[0016]

Preferably, the powdered quick-setting agent further contains at least one
selected from the group consisting of an alkali carbonate, a calcium hydroxide and
an alum. Also preferably, the components constituting the powdered
quick-setting agent are powdery. When powdery, the handleability of the agent

containing them improves.



[0017]
(Calcium Aluminate)

Calcium aluminate (hereinafter referred to as CA) is a general term for
compounds containing CaO and Al203 as main ingredients and having a
hydrating activity, and includes compounds in which a part of CaO and/or AloO3
are substituted with any of an alkali metal oxide, an alkaline earth metal oxide, a
silicon oxide, a titanium oxide, an iron oxide, an alkali metal halide, an alkaline
earth metal halide, an alkali metal sulfate and an alkaline earth metal sulfate, or
substances with a small amount of such components solid-solutionized in those
containing CaO and Al203 as main ingredients, and CA may be any crystalline or
amorphous form.

[0018]

Specific examples of crystalline compounds include, when CaO is
represented by C, AlzOs is by A, and R:O (Nag0, K20, Liz0) is by R, CsA and
C14RA5 with an alkali metal solid-solutionized therein, as well as CA, Ci2A7,
C11A7CaFg, C4A'Fe203, and C3A3-CaSO4. As good in quick-setting performance,
amorphous calcium aluminates are preferred.

[0019]

Regarding the calcium aluminates for use in this embodiments, industrial
materials thereof may be contaminated with minor alkali metals and/or alkaline
earth metals, and CA materials containing such alkali metals and/or alkaline
earth metals may partly form, but the present invention is not whatsoever
restricted by the presence of such minor alkali metals and/or alkaline earth
metals.

[0020]

The molar ratio of CaO/Al2O3 in the calcium aluminates is not specifically
limited, but in consideration of strength expressibility in an extremely early stage,
the molar ratio is preferably 2.0 to 3.0.

When the molar ratio is 2.0 or more, setting properties in an extremely
early stage can be bettered, and when the ratio i1s 3.0 or less, good long-term
strength expressibility can be readily attained.

The content of the calcium aluminate in the powdered quick-setting agent
of this embodiment is preferably 30 to 80 parts in 100 parts of the powdered
quick-setting agent, more preferably 45 to 60 parts. When the content is 30

parts or more, good setting properties can be readily attained, and when the
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content is 80 parts or less, good long-term strength expressibility can be readily
attained.
[0021]

The Blaine's specific surface area (hereinafter this may be simply referred
to as "Blaine") of the calcium aluminate is preferably 4000 to 8000 cm?2/g, more
preferably 5000 to 7000 cm2/g. When the Blaine's specific surface area is 4000 to
8000 cm?/g, initial strength expressibility can be readily attained and
handleability of mortar and/or concrete in spraying treatment can be thereby
bettered.

The Blaine's specific surface area is measured based on the specific
surface area test described in JIS R 5201 "Physical Test Method for Cement".
[0022]

(Sodium Silicate)

Sodium silicate in the powdered quick-setting agent exhibits mainly an
effect of accelerating flowability dissipation in an extremely early stage for cement
mortar for spray mortar (hereinafter this may be simply referred to as "cement
mortar") or for cement concrete for spray cement (hereinafter this may be simply
referred to as "cement concrete"). In addition, for example, in the case where the
quick-setting material that was sprayed using the powdered quick-setting agent
has cracked after a long period of time, and for example, for cracks of 0.1 mm long,
such cracks can be repaired in so far as under a running water condition. With
that, sodium silicate having gelled with water can be considered to act to repair
the cracks themselves to thereby narrow the width of the cracks.

From the viewpoint of efficiently expressing the above-mentioned effect,
sodium silicate is preferably powdery.

[0023]

As the powdered quick-setting agent, for example, for accelerating
flowability dissipation in an extremely early stage, the molar ratio of SiO2 to Na2O
in the sodium silicate (Si02/Na20) is preferably 0.5 to 5, more preferably 0.5 to 1.5,
even more preferably 0.9 to 1.3.

When the molar ratio is 0.5 or more, handleability as powder is good, and
when the molar ratio is 1.5 or less, extreme flowability dissipation and initial
strength expressibility from immediately after addition to cement mortar or

cement concrete can be readily attained.
[0024]
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Sodium silicate includes sodium orthosilicate, sodium metasilicate and
sodium sesqui-silicate, and above all, sodium metasilicate is preferred. Sodium
metasilicate includes sodium silicate No. 1 [NasSizOs (Na20-2SiOg: n = 2)], sodium
silicate No. 2 [Na4Si5012 (Na20-2.5S8102: n = 2.5)], sodium silicate No. 3 [NasSisO7
(Na20-3Si0s: n = 3)], and sodium silicate No. 4 [Na2SisO9 (Naz0-4Si0s: n = 4)].
[0025]

Sodium silicate may be hydrated or anhydrous with no specific limitation,
but the number of hydrates therein is preferably 9 or less, more preferably 5 or
less, and use of anhydride is even more preferred.

[0026]

The Blaine's specific surface area of sodium silicate is preferably 300 to
1000 cm2/g, more preferably 500 to 800 cm2/g. When the Blaine's specific surface
area is 300 to 1000 cm?/g, initial strength expressibility is readily attained and
handleability of mortar and/or concrete in spraying treatment can be bettered.
[0027]

The content of the sodium silicate in the powdered quick-setting agent of
this embodiment is preferably 0.5 to 20 parts in 100 parts of the powdered
quick-setting agent, more preferably 1 to 10 parts. When the content is 0.5 to 20
parts, self-repairing function to cracking can be bettered more.

[0028]
(Alkali Carbonate)

Alkali carbonate indicates an alkali metal carbonate, and can extremely
improve the setting property and the initial strength expressibility of the
powdered quick-setting agent. Though not specifically limited thereto, examples
of the alkali carbonate include lithium carbonate, sodium carbonate, sodium
sesqui-carbonate, potassium carbonate, sodium bicarbonate, and sodium
hydrogencarbonate. In particular, sodium carbonate, potassium carbonate,
sodium sesqui-carbonate, sodium bicarbonate and sodium hydrogencarbonate are
especially effective for setting and initial strength expressibility, and one or more
of these may be combined for use herein. At least one selected from the group
consisting of sodium carbonate, sodium sesqui-carbonate, sodium bicarbonate and
potassium carbonate 1s preferred. The content of the alkali carbonate is
preferably 1 to 20 parts in 100 parts of the powdered quick-setting agent, more
preferably 5 to 10 parts. When the content is 1 part or more, the effect of

improving setting and initial strength can be readily attained, and when the
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content 1s 20 parts or less, quick-setting properties can be kept good.
[0029]

The Blaine's specific surface area of the alkali carbonate is preferably 500
to 2000 cm?/g, more preferably 800 to 1500 cm2/g. When the Blaine's specific
surface area is 500 to 2000 cm?/g, initial strength expressibility can be readily
attained, and handleability of mortar and/or concrete in spraying treatment can
be bettered.

[0030]
(Calcium Hydroxide)

Calcium hydroxide is a material effective for securing flowability
dissipation and long-term strength expressibility in an extremely early stage.
Though not specifically limited thereto, calcium hydroxide includes hydrated lime
to form in hydration of quicklime, and carbide residue to form in hydration of
carbide. Commercially-available calcium hydroxide is also usable here, and
combined use is also possible. The content of the calcium hydroxide is preferably
5 to 30 parts in 100 parts of the powdered quick-setting agent, more preferably 10
to 25 parts. When the content is 5 parts or more, quick-setting properties and
long-term strength expressibility can be secured. When the content is 20 parts
or less, good initial strength expressibility can be readily attained.

[0031]

The Blaine's specific surface area of the calcium hydroxide is preferably
1000 to 3000 cm?/g, more preferably 1500 to 2500 cm?/g. When the Blaine's
specific surface area is 1000 to 3000 cm?/g, quick-setting properties and long-term
strength expressibility can be secured, and good initial strength expressibility can
be readily attained.

[0032]
(Alum)

Alum is effective for accelerating flowability dissipation immediately after
blending with mortar cement or cement concrete and for accelerating strength
expressibility for 1 day or so. Though not specifically limited thereto, examples
of alum include potassium alum, chromium alum, iron alum, ammonium alum,
sodium alum and natural alum, and any of these can be used either singly or as
combined. In particular, for dissipating flowability of cement mortar or cement
concrete, preferably, at least one selected from the group consisting of potassium

alum, sodium alum and ammonium alum is contained.
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[0033]

The content of the alum is preferably 0.5 to 30 parts in 100 parts of the
powdered quick-setting agent, more preferably 5 to 20 parts. When the content
is 0.5 to 30 parts, flowability dissipation is not delayed, and strength
expressibility in a material age of 1 day can be bettered.

[0034]

The Blaine's specific surface area of alum is preferably 400 to 1000 cm?/g,
more preferably 600 to 800 cm2/g. When the Blaine's specific surface area is 400
to 1000 cm?/g, quick-setting properties and long-term strength expressibility can
be secured, and good initial strength expressibility can be readily attained.

[0035]
<Second Aspect of Invention>
[1. Powdered Quick-Setting Agent]

The powdered quick-setting agent of this embodiment contains a calcium
aluminate, a sodium silicate and an alkali metal sulfate. When the agent is
applied to a spring-fed area, the calcium aluminate therein mainly gives good
adhesiveness and the sodium silicate therein exhibits an excellent repairing effect
for cracked sites. In particular, it is presumed that, when sodium silicate is
brought into contact with water in a spring-fed area, a gel substance of calcium
silicate may be formed to fill up cracked sites, and as a result, the
above-mentioned repairing action can be exhibited.

In addition, owing to good adhesiveness with calcium aluminate, alkali
metal sulfate can efficiently exist in adhering parts. As a result, the effect of the
alkali metal sulfate for enhancing strength in a relatively early stage, for example,
strength after 24 hours can be readily attained.

[0036]

Preferably, the powdered quick-setting agent further contains at least one
selected from the group consisting of an alkali carbonate, a calcium hydroxide and
an alum. Also preferably, the components contained in the powdered
quick-setting agent are powdery. When powdery, the handleability of the
components improves.

[0037]
(Calcium Aluminate)
The calcium aluminate is the same as that in the first aspect of the

1nvention.
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[0038]
(Sodium Silicate)

The sodium silicate is the same as that in the first aspect of the invention.
[0039]

(Alkali Metal Sulfate)

An alkali metal sulfate is effective for imparting an effect of enhancing
compression strength mainly up to 24 hours to cement mortar and cement
concrete.

[0040]

The alkali metal sulfate include lithium, sodium or potassium sulfates,
and among them, lithium or sodium sulfates (lithium sulfate, sodium sulfate) are
preferred for the strength enhancing effect. Also among them, sodium sulfate
anhydride plays a role as a drying agent for absorbing moisture in air, and is
therefore preferred as contributing toward stability during storage.

[0041]

The Blaine's specific surface area of the alkali metal sulfate is preferably
100 to 1000 cm?/g, more preferably 300 to 800 cm?/g. When the Blaine's specific
surface area is 100 to 1000 cm?/g, strength expressibility up to 24 hours can be
readily attained and handleability of mortar and/or concrete in spraying
treatment can be thereby bettered.

[0042]

Preferably, the alkali metal sulfate is contained in an amount of 3 to 25
parts in 100 parts of the powdered quick-setting agent, more preferably 5 to 15
parts. When the content is 3 to 25 parts, an effect of enhancing compression
strength up to 24 hours can be more readily imparted.

[0043]
(Alkali Carbonate)

The alkali carbonate 1s the same as that in the first aspect of the
invention.

[0044]
(Calcium Hydroxide)

The calcium hydroxide is the same as that in the first aspect of the
invention.
[0045]
(Alum)
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The alum is the same as that in the first aspect of the invention.
[0046]
<Third Aspect of Invention>
[Powdered Quick-Setting Agent]

The powdered quick-setting agent of this embodiment contains a calcium
aluminate, a sodium silicate and an alkaline earth metal sulfate. When the
agent is applied to a spring-fed area, the calcium aluminate therein mainly gives
good adhesiveness and the sodium silicate therein exhibits an excellent repairing
effect for cracked sites. In particular, it is presumed that, when sodium silicate
is brought into contact with water in a spring-fed area, a gel substance of calcium
silicate may be formed to fill up cracked sites, and as a result, the
above-mentioned repairing action can be exhibited.

In addition, the alkaline earth metal sulfate can provide an effect of
enhancing strength for a relatively long period of time. In particular, at high
temperatures of 35°C or higher, long-term strength can be increased more than in
a case not containing an alkaline earth metal sulfate. This may be presumed
because of increase in the ettringite amount by the alkaline earth metal sulfate.
[0047]

Preferably, the powdered quick-setting agent further contains at least one
selected from the group consisting of an alkali carbonate, a calcium hydroxide and
an alum. Also preferably, the components contained in the powdered
quick-setting agent are powdery. When powdery, the handleability of the
components improves.

[0048]
(Calcium Aluminate)

The calcium aluminate is the same as that in the first aspect of the
invention.

[0049]
(Sodium Silicate)

The sodium silicate is the same as that in the first aspect of the invention.
[0050]

(Alkaline Earth Metal Sulfate)

An alkaline earth metal sulfate imparts an effect of enhancing
compression strength for a short period of time to a long period time (for example,

for a material age of 28 days) to cement mortar or cement concrete.
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[0051]

The alkaline earth metal sulfate includes calcium and magnesium sulfates,
and among these, a sulfate of calcium (calcium sulfate) is preferred as the effect of
strength enhancement.

Depending on presence or absence of crystal water, the calcium sulfate
includes an anhydride, a hemihydrate and a dihydrate, and any of these is usable
here.

[0052]

The Blaine's specific surface area of the alkaline earth metal sulfate is
preferably 1000 cm?/g or more, more preferably 2000 cm?2/g or more, even more
preferably 3000 cm?/g or more. When the Blaine's specific surface area is 1000
cm?2/g, or more, strength expressibility in a short period of time to a long period of
time can be readily attained and handleability of mortar and/or concrete in
spraying treatment can be thereby bettered. The Blaine's specific surface area is
preferably 6000 cm2/g or less, more preferably 5000 cm?2/g or less.

[0053]

Preferably, the alkaline earth metal sulfate is contained in an amount of
10 to 60 parts in 100 parts of the powdered quick-setting agent, more preferably
15 to 60 parts, even more preferably 15 to 50 parts, and especially more preferably
20 to 50 parts. When the content i1s 10 to 60 parts, the effect of enhancing
long-term strength can be more readily imparted.

[0054]
(Alkali Carbonate)

The alkali carbonate is the same as that in the first aspect of the
invention.

[0055]
(Calcium Hydroxide)

The calcium hydroxide is the same as that in the first aspect of the
invention.

[0056]
(Alum)

The alum is the same as that in the first aspect of the invention.

[0057]
[Fourth Aspect of Invention]
[1. Powdered Quick-Setting Agent]
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The powdered quick-setting agent of this embodiment contains a calcium
aluminate, a sodium silicate and an aluminum sulfate. When the agent is
applied to a spring-fed area, the calcium aluminate therein mainly gives good
adhesiveness and the sodium silicate therein exhibits an excellent repairing effect
for cracked sites. In particular, it is presumed that sodium silicate may react
with water in a spring-fed area to gel to thereby fill up cracked sites, and may
again harden and, as a result, the above-mentioned repairing action can be
thereby exhibited.

[0058]

In addition, aluminum sulfate in this embodiment is a component to
accelerate initial setting to thereby reduce a rebound ratio, and this supplies an
aluminum ion in a process of hydration of cement to react with a calcium ion from
cement or calcium aluminates to form a calcium aluminate hydrate, and further
reacts with a sulfate ion to form a calcium sulfoaluminate in an early stage to
thereby contribute toward improving initial strength expressibility. It 1is
presumed that such effects could be exhibited to a maximum extent by coexistence
of a calcium aluminate to exhibit adhesiveness and a sodium silicate to exhibit a
gelling action.

[0059]

Preferably, the powdered quick-setting agent further contains at least one
selected from the group consisting of an alkali carbonate, a calcium hydroxide and
an alum. Also preferably, the components contained in the powdered
quick-setting agent are powdery. When powdery, the handleability of the
components improves.

[0060]
(Calcium Aluminate)

The calcium aluminate is the same as that in the first aspect of the
invention.

[0061]
(Sodium Silicate)

The sodium silicate is the same as that in the first aspect of the invention.
[0062]

(Aluminum Sulfate)
Aluminum sulfate imparts an effect of mainly accelerating setting speed

(initial setting) to thereby reduce a rebound ratio, to cement mortar and cement
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concrete.
[0063]

Aluminum sulfate has a chemical formula of Alx(SO4)s3nH20, and
Ala(SO4)3'14 to 18H:20, Alx(SO4)3'8H:20, and aluminum sulfate anhydride are
usable, but not limited thereto, any commercially-available ones are also usable.
Specifically, Ala(SO4)s14 to 18H:20, Alx(SO4)38H20, and aluminum sulfate
anhydride are usable.

[0064]

Preferably, the aluminum sulfate is contained in an amount of 5 to 25
parts in 100 parts of the powdered quick-setting agent, more preferably 7.5 to 20
parts. When the content is 5 to 25 parts, the effect of accelerating setting speed
and the effect of reducing a rebound ratio can be more readily imparted.

Also preferably, the aluminium sulfate is a fine powder. Specifically, a
fine powder capable of passing through a sieve of 1.2 mm in a ratio of 90% or more
1s preferred, and a fine powder capable of passing through a sieve of 0.6 mm in a
ratio of 90% or more is more preferred.

[0065]

An aluminum sulfate anhydride may have a low dissolution speed, and
therefore could hardly have a sufficient effect of improving setting properties.
Consequently, a hydrate salt is preferably used.

[0066]
(Alkali Carbonate)

The alkali carbonate 1s the same as that in the first aspect of the
invention.

[0067]
(Calcium Hydroxide)

The calcium hydroxide is the same as that in the first aspect of the
invention.

[0068]
(Alum)
The alum is the same as that in the first aspect of the invention.
[0069]
[2. Quick-Setting Material]
The quick-setting material of this embodiment is prepared by blending the

powdered quick-setting agent of the present invention in spray mortar or spray
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concrete.

Cement for use in the spray mortar or spray concrete includes various
types of Portland cement such as normal cement, early strength cement,
ultra-high-early-strength cement, low-heat cement and moderate-heat cement;
various types of mixed cement prepared by mixing any of blast furnace slag, fly
ash or silica in such Portland cement; various types of filler cement prepared by
mixing any of limestone powder or blast furnace slowly cooled slag fine powder in
such cement, as well as various types of ecological cement (eco-cement) produced
from city refuse incineration ash or sewage sludge incineration ash as a starting
material.

Depending on the purpose, mortar (spray mortar) or concrete (spray
concrete) preferably contains blast furnace slag. Preferably, the content of blast
furnace slag is 15 to 85 parts relative to 100 parts of the total of cement and blast
furnace slag, more preferably 10 to 80 parts.

[0070]

Though not specifically limited, the aggregate for use in spray mortar or
spray concrete is preferably one having a low water absorption rate and having a
high aggregate strength. The maximum dimension of the aggregate is not
specifically limited so far as acceptable for spraying treatment. Fine aggregate
such as river sand, mountain sand, sea sand, lime sand and silica sand is usable,
coarse aggregate such as river pebbles, mountain pebbles and lime pebbles is
usable, and crushed sand and crushed stones are also usable.

[0071]

The amount of the powdered quick-setting agent to be used is preferably 5
to 20 parts relative to 100 parts of cement in spray mortar or spray concrete, more
preferably 7 to 15 parts. When the amount of the powdered quick-setting agent
used 1s 5 to 20 parts, good adhesiveness can be attained even in a water contact
environment such as a spring-fed area, and an excellent repairing action can be
readily exhibited on cracked sites. Also preferably, water/cement ratio is 40 to
65%.

[0072]

The quick-setting material of this embodiment is used mainly in a
spraying method, though not limited thereto. The spraying method is preferably
dry spraying or wet spraying, depending on the desired physical properties,

economical efficiency and workability.
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[0073]
[3. Quick-Setting Material Hardened Product]

The quick-setting material hardened product of this embodiment is a
hardened product of the previously-mentioned quick-setting material of the
present invention, and is such that cracks existing in the surface thereof and
having a maximum width of 0.1 mm are repaired 50% or more in a water contact
environment for at least 6 months. Here, "repaired 50% or more" means that a
half or more of the projected area of cracks having a maximum width of 0.1 mm
are filled up.

[0074]

As previously described, the quick-setting material of this embodiment is
highly adhesive and therefore can efficiently give a hardened product. A
hardened product of an ordinary spraying material may often crack with age. As
the case may be, the quick-setting material hardened product of this embodiment
may form fine cracks, but it is considered that sodium silicate in the quick-setting
material can react with water to gel in a water contact environment such as a
spring-fed area to thereby full up the cracks, and may then again harden.
Consequently, the quick-setting material hardened product can exhibit an
excellent repairing effect for cracks and can secure good durability.

[0075]

Regarding the quick-setting material of the second aspect of the invention,
the alkali metal sulfate therein can efficiently exist in the applied area, and
therefore a strength enhancing effect in a relatively early stage can be readily
realized owing to the alkali metal sulfate.

Regarding the quick-setting material of the third aspect of the invention,
the alkaline earth metal sulfate therein can efficiently exist in the applied area,
and therefore a strength enhancing effect for a relatively long period of time can
be readily realized owing to the alkaline earth metal sulfate. In particular, even
at high temperatures of 35°C or higher, a long-term strength enhancing effect can
be readily attained.

Regarding the quick-setting material of the fourth aspect of the invention,
the aluminum sulfate therein can efficiently exist in the applied area, and
therefore a setting speed enhancing effect and a rebound rate reducing effect can
be readily realized owing to the aluminum sulfate.

[0076]



21

[4. Spraying Method]

The spraying method of this embodiment is a method of mixing and
combining a spray mortar or a spray concrete in conveyance with the powdered
quick-setting agent of the present invention and spraying the resultant mixture to
a subject to be sprayed therewith. By mixing and combining with the powdered
quick-setting agent, the quick-setting material of the present invention previously
mentioned is formed.

[0077]

Specifically, spray concrete or spray mortar that is being quantitatively
conveyed via a concrete pump or a mortar pump is further conveyed on the way
with compressed air and/or pumping to a quick-setting agent mixing zone. In
that zone, the thus-conveyed spray concrete or spray mortar is mixed to be a
merged stream with the powdered quick-setting agent of the present invention
that is being quantitatively conveyed from a quick-setting gent adding machine by
the action of a compressed air for conveyance, and then sprayed to a subject to be
sprayed therewith.

[0078]

In such a spraying method, the quick-setting agent adding machine 1is
preferably so constructed that a quick-setting agent is first added thereto, then
put into a tank, combined with a compressed air while being quantitatively fed via
a rotary feed, and thereafter further conveyed by the action of compressed air, in
that order from the upstream side of the machine.

[0079]

The power of the rotary feeder of the quick-setting agent machine is
preferably signaled by the power of the piston of the concrete pump.

Also preferably, before the quick-setting agent adding machine, a
quick-setting agent supplier is arranged so that the quick-setting agent can be
supplied to the quick-setting agent adding machine after quantitatively conveyed
from the quick-setting agent supplier.

Further, it is also preferable that the quick-setting agent supplier can
coordinate with a leveling meter of the tank of the quick-setting agent adding
machine so as to be signaled and outputted therewith.

[0080]
Examples of the spraying system include, though not specifically limited

thereto, a concrete pump by MAYCO Industries Inc. as a concrete conveyer, a
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device by Werner Mader GmbH as a quick-setting agent adding device, a device by
Spiroflow Limited as a quick-setting agent supplier to the adding device, and
other devices where a series of movements of the individual devices are made to

coordinate with each other.

Examples
[0081]

Hereinunder the contents of the present invention are escribed in further
detail with reference to Examples and Comparative Examples given below, but
the present invention is not limited to these.

[0082]
<Examples of First Aspect of Invention>
"Experimental Example 1"

Alkali carbonate A, calcium aluminate, calcium hydroxide a, alum a and
sodium silicate were mixed according to the blending formulation shown in Table
1 and Table 2 to prepare a powdered quick-setting agent, while on the other hand,
mortar composed of 800 g of cement 2000 g of fine aggregate, 400 g of water was
prepared, and 80 g of the powdered quick-setting agent was added to the mortar
to prepare quick-setting mortar (quick-setting material), and immediately after
preparation, the flowability reduction time, the setting time and the compression
strength of the material were measured. The results are shown in Table 1 and
Table 2.
[0083]

The materials used and the test methods are described below.
"Materials Used"
Cement: commercial product, normal Portland cement, density 3.15 g/cm3
Fine aggregate: river sand from Himekawa river system of Niigata prefecture,
density 2.61 g/cm3
Water: industrial water
Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Calcium aluminate: Raw materials were crushed and mixed so as to have a molar
ratio CaO/Al203 of 2.5, then melted in an electric furnace and rapidly cooled.
Degree of vitrification 90%, Blaine 5500 cm?2/g
Calcium hydroxide a: carbide residue, Blaine 2000 cm?/g

Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?/g
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Sodium silicate: Si02/Na2O molar ratio 1.0, Blaine 600 cm?/g, commercial product,
anhydride

[0084]

"Test Methods"

Flowability reduction time:

A powdered quick-setting agent was added to the prepared mortar, and
the time for mortar flowability reduction was measured.
[0085]

Setting time:

A powdered quick-setting agent was added to the prepared mortar, then
quickly packed in a formwork exclusive for proctor test, and the start time for
setting and the end time of setting after addition of the powdered quick-setting
agent were measured (according to ASTM C403).

[0086]
Compression strength:

Like that for measurement of the setting time, the compression strength
(N/mm?2) after preparation of the quick-setting mortar was measured. The
material age was 1 day and 28 days (according to JSCE D102).

[0087]
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Table 1
Formulation of Powdered Quick-Setting Agent Setting C%Tifs:;lon
(part) Flowability | Time (min) g 9

Test . (N/mm?

; ; Reduction Remarks
No. Alkali . Calcium . .

Calcium . Alum | Sodium | Time (sec) 28
Carbonate . Hydroxide i Start | End | 1 day
A Aluminate a a | Silicate days
1-1 0 50 20 10 5 2 05 | 3 | 33 | 335 | Example
1-2 1 50 20 10 5 2 0.75 | 3 6.1 | 32.5 Example
1-3 3 50 20 10 5 2 0.75 | 3 7.5 | 325 Example
1-4 5 50 20 10 5 2 0.75 3 10.2 | 32.0 Example
1-5 10 50 20 10 5 3 0.75 4 12.1 | 32.0 Example
1-6 20 50 20 10 5 3 0.75 | 4 | 13.1 | 32.0 Example
1-7 25 50 20 10 5 10 1 7 14.1 | 28.5 Example
1-8 10 0 20 10 5 5 30 [180| 7.5 | 24.0 | Comparative
Example

1-9 10 25 20 10 5 5 3 30 8.1 35.0 Example
1-10 10 30 20 10 5 5 2 15 | 10.0 | 34.0 Example
1-11 10 40 20 10 5 2 1 7 11.5 | 33.0 Example
1-5 10 50 20 10 5 3 0.75 4 12.1 | 32.0 Example
1-12 10 70 20 10 5 2 0.5 2 11.0 | 30.0 Example
1-13 10 75 20 10 5 1 0.5 1 8.5 | 28.0 Example
1-14 10 50 0 10 5 5 0.75 | 5 10.5 | 22.0 Example
1-15 10 50 10 5 2 0.75 4 11.1 | 29.0 Example
1-16 10 50 10 10 5 2 0.75 4 11.6 | 31.0 Example
1-5 10 50 20 10 5 3 0.75 | 4 | 12.1 | 32.0 Example
1-17 10 50 25 10 5 3 0.75 | 3 10.0 | 32.0 Example
1-18 10 50 35 10 5 3 0.75 3 8.0 31.0 Example

[0088]
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Table 2
Formulation of Powdered Quick-Setting Agent Sethg Compression
- Time Strength
(part) Flowability .

Test . (min) (N/mm?)

- - Reduction Remarks
No. Alkali . Calcium . .

Calcium . Alum | Sodium | Time (sec) 28
Carbonate . Hydroxide i Start | End | 1 day
A Aluminate a a Silicate days
1-19 10 50 20 0 5 7 0.5 3 5.1 25.0 Example
1-20 10 50 20 0.5 5 5 0.5 3 10.1 | 27.0 Example
1-21 10 50 20 5 5 3 0.75| 4 11.5 30.0 Example
1-5 10 50 20 10 5 3 0.75 | 4 12.1 32.0 Example
1-22 10 50 20 20 5 2 0.75 | 4 12.5 32.0 Example
1-23 10 50 20 25 5 2 0.75| 4 12.5 | 31.0 Example
1-24 10 50 20 10 0 45 1| 4| 125 | 32,0 |Comparative
Example

1-25 10 50 20 10 0.5 20 0.75 | 15 12.6 32.0 Example
1-26 10 50 20 10 1 15 0.75 | 4 12.3 32.0 Example
1-5 10 50 20 10 5 3 0.75| 4 12.1 32.0 Example
1-27 10 50 20 10 10 3 0.75| 3 11.2 31.0 Example
1-28 10 50 20 10 20 2 0.5 3 10.8 30.0 Example
1-29 10 50 20 10 25 1 0.5 3 5.5 22.0 Example
1-30 80 20 5 0.75 | 7 7.7 29.0 Example
[0089]

From Table 1 and Table 2, it can be seen that, by containing a calcium
aluminate and a sodium silicate and preferably further containing, in addition
thereto, a calcium hydroxide, an alum and an alkali carbonate, the flowability
reduction time was short, the setting time was not delayed and the compression
strength was good. In particular, when an alum and a sodium silicate are
contained, flowability reduction is prevented from being delayed and the mixtures
well functioned as a quick-setting agent. It can be seen that the content of each
component has its own appropriate level.

[0090]
"Experimental Example 2"

The same tests as in Experimental Example 1 were carried out except that
sodium silicates having a different molar ratio Si02/Na20 were used as in Table 3.
The powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 3 below.
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[0091]
Table 3
Sodium Flowability | Setting Time (min) Compression
Test Silicate . Strength (N/mm?)
No. Si02/NasO Rfeductlon Remarks
molar ratio Time (sec) Start End 1day | 28days
2-1 0.45 2 0.75 3 5.1 22.5 Example
2-2 0.5 2 0.75 3 11.5 32.5 Example
2-3 0.67 2 0.75 3 11.2 32.0 Example
2-4 0.9 3 0.75 4 12.2 32.1 Example
1-5 1.0 3 0.75 4 12.1 32.0 Example
2-5 1.3 3 0.75 4 12.2 32.0 Example
2-6 1.5 3 0.75 4 13.1 28.5 Example
2-7 2.0 10 2 7 6.0 22.0 Example
[0092]

From Table 3, it can be seen that, by containing a calcium aluminate and a
sodium silicate, the flowability reduction time was short, the setting time was not
delayed and the compression strength was good. It is further known that the
molar ratio of S102/Na20O of sodium silicate has an appropriate numerical range
for expressing better properties.

[0093]
"Experimental Example 3"

The same tests as in Experimental Example 1 were carried out except that
different kinds of sodium silicate hydrate as shown in Table 4 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 4.

[0094]
Table 4
Sodium Flowability Setting Time (min) Compression
Test No. Silicate Reduction g Strength (N/mm?) Remarks
Hydrate Time (sec) Start End 1 day 28 days
1-5 Anhydride 3 0.75 4 12.1 32.0 Example
3-1 5-Hydrate 2 0.75 4 11.5 30.5 Example
3-2 9-Hydrate 1 0.75 4 10.5 30.0 Example
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[0095]

From Table 4, it is considered that any type of sodium silicate hydrate is
effective for a powdered quick-setting agent.
[0096]

"Experimental Example 4"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alum as shown in Table 5 were used. The powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 5.

[0097]

"Materials Used"

Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Alum b: sodium aluminum sulfate 12-hydrate, commercial product, Blaine 700
cm?2/g

Alum c¢: ammonium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Alum d: iron alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum e: chromium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Alum f: potassium alum anhydride, commercial product, Blaine 600 cm?2/g
Alum g: ammonium alum anhydride, commercial product, Blaine 700 cm?2/g
Alum h: iron alum mono-hydrate, commercial product, Blaine 600 cm?2/g
Alum 1: iron alum anhydride, commercial product, Blaine 700 cm?2/g

[0098]

Table 5
. Flowabilit, . . . Compression
Test No. Iillljn(l)f Reductiony Setting Time (min) StrengtIL (N/mm?2) Remarks
Time (sec) Start End 1 day 28 days

1-5 a 3 0.75 4 12.1 32.0 Example
4-1 b 4 0.75 5 11.5 31.0 Example
4-2 c 3 0.75 4 8.6 30.0 Example
4-3 d 5 1 5 9.2 27.5 Example
4-4 e 15 3 10 7.5 25.0 Example
4-5 f 2 0.75 3 13.2 33.5 Example
4-6 g 2 0.75 3 10.1 26.5 Example
4-7 h 3 0.75 4 9.5 28.0 Example
4-8 i 3 0.75 4 10.0 29.0 Example
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[0099]

As in Table 5, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alum. In addition, it can be seen that some types of alum are effective for
expressing better properties.

[0100]
"Experimental Example 5"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alkali carbonate as shown in Table 6 were used. The powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 6.

[0101]

"Materials Used"

Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Alkali carbonate B commercial product, sodium sesqui-carbonate, Blaine 1400
cm?2/g

Alkali carbonate C commercial product, sodium bicarbonate, Blaine 800 cm2/g
Alkali carbonate D: commercial product, lithium carbonate, Blaine 1000 cm2/g
Alkali carbonate E: commercial product, potassium carbonate, Blaine 1200 cm?/g
[0102]

Table 6
Kind of Flowability . . . Compression
TestNo. | Alkali | Reduction | —cringTime (min) | g ongth (Nmmy | Remarks
Carbonate Time (sec) Start End 1 day 28 days Example
1-5 A 3 0.75 4 12.1 32.0 Example
5-1 B 5 0.75 6 10.8 33.0 Example
5-2 C 6 0.75 7 8.9 34.0 Example
5-3 D 20 1 20 6.5 29.5 Example
5-4 E 5 0.75 7 11.5 32.5 Example
[0103]

As in Table 6, the flowability reduction time was short, the setting time

was not delayed and the compression strength was good irrespective of the type of
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alkali carbonate. In addition, it can be seen that some types of alkali carbonate
are effective for expressing better properties.

[0104]

"Experimental Example 6"

The same tests as in Experimental Example 1 were carried out except that
calcium aluminates having a different molar ratio CaO/Al2Os as in Table 7 were
used. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5. The calcium aluminates were prepared to have
Blaine of 5500 £ 200 cm?/g/

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 7.

[0105]
Table 7
Calcium | b o bility | Setting Time (min) Compression
Aluminate . Strength (N/mm?)
Test No. CaO/AlOs Rf:ductlon Remarks
molar ratio Time (sec) Start End 1 day 28 days
1-5 2.5 3 0.75 4 12.1 32.0 Example
6-1 1.9 10 2.0 7 13.5 33.0 Example
6-2 2.0 4 0.75 4 13.2 33.0 Example
6-3 2.6 2 0.75 4 12.6 31.5 Example
6-4 3.0 2 0.75 5 11.5 29.0 Example
6-5 3.1 6 5.0 30 8.2 27.5 Example
[0106]

From the results in Table 7, when the molar ratio CaO/Al2Os in calcium
aluminates was 2.0 to 3.0, the flowability reduction time and the setting time
were short and the compression strength was good.

[0107]
"Experimental Example 7"

Concrete (spray concrete) of 360 kg of cement, 216 kg of water, 1049 kg of
fine aggregate and 716 kg of coarse aggregate (No. 6 crushed stone from
Himekawa river system of Niigata prefecture, density 2.67 g/cm3) was prepared.
The concrete was pumped at a rate of 5 m3/h using a concrete pump from MAYCO
Industries Inc. (Suprema), and on the way, mixed to be a merged stream with

compressed air from a separate system, and pneumatically conveyed. Further, at
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a point of 3 m before ejection, a powdered quick-setting agent shown in Table 8
below as mixed to be a merged stream with the thus-pneumatically conveyed
concrete using a conveyer system from Werner Mader Corporation (WM-14 FU) in
such a manner that the agent could be 10 parts relative to 100 parts of the cement,
thereby preparing a quick-setting material, which was then sprayed onto an iron
plate through a nozzle tip. The initial strength, the long-term strength, the
rebound ratio, and the crack repairing rate after spraying are shown in Table 8.
For feeding the quick-setting agent to the quick-setting agent conveyer system, a
device from Spiroflow Limited (FLEXIBLE SCREW CONVEYOR) was used, and
all the devices were made to coordinate with each other under control by electric
signals.

[0108]

"Comparative Example"

The same concrete as in Experimental Example 7 was mixed to be a
merged stream with an ordinary quick-setting agent, DENKA NATMIC TYPE-5
(quick-setting agent No. T-5) that had been pneumatically conveyed, in such a
manner that the agent could be 10 parts (Test No. 7-15) relative to 100 parts of
cement to prepare spray concrete, which was sprayed onto an iron plate through a
nozzle tip. Also similarly, the quick-setting agent No. T-5 was mixed to be a
merged stream with concrete that had been pneumatically conveyed in such a
manner that the agent could be 7 parts (Test No. 7-16) relative to 100 parts of
cement to prepare a quick-setting material, which was sprayed onto an iron plate
through a nozzle tip. The initial strength, the long-term strength, the rebound
ratio, and the crack repairing rate after spraying are shown in Table 8.

[0109]
"Test Methods"
Initial strength:

Sprayed onto a formwork according to JSCE-G561, the pull-out strength of
the sample at a time of a material age of 10 minutes, 3 hours and 1 day was
converted into a compression strength to determine the initial strength thereof.
[0110]

Long-term strength:

Sprayed onto a formwork according to JSCE-F561, JIS A1107, a core of the

sample was collected at a time of a material age of 7 days and 28 days, and the

compression strength thereof was measured.
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[0111]
Rebound:

The rebound in spraying for 3 minutes to a simulated tunnel having an
excavation cross-sectional surface of 15 m2 was measured according to JSCE-F563,
and the rebound ratio from the spray concrete used was determined according to
the following expression.

[0112]

Expression)

Rebound Ratio = Amount of dropped spray concrete (kg)/amount of spray concrete
used for spraying (kg) x 100 (%)

The rebound ratio is preferably 20% or less.

[0113]
Crack repairing rate:

Spray concrete was sprayed onto each of two formworks of 10 cm X 10 cm X
40 cm to prepare test bodies. Immediately after preparation, the two test bodies
were fixed, as separated by a clearance of 0.1 mm therebetween in such a manner
that the 40 cm surface could be in parallel to each other, and cured in water at
20°C for 6 months, and the test bodies were observed with a microscope to
determine the repairing rate for the clearance having a width of 0.1 mm.

The crack repairing rate is preferably 50% or more.

[0114]
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Table 8
.. Long-Term
Test No. of Initial Strength Streneth Crack
Test Powdered Rebound (N/mm?) (N/ g 5 Repairing
) X mm?2) Remarks
No. | Quick-Setting (%) Rate
Agont 10 3 1 7 28 )
min | hrs | day | days | days
71 1-5 15 14 | 21 | 97 | 265 | 34.0 100 Example
7-2 1-1 19 04 | 1.1 | 41 | 272 | 35.0 100 Example
7-3 1-8 60 0 | 03| 53 | 175 | 24.0 90 Comparative
Example
7-4 1-24 80 15 | 1.8 | 82 | 182 | 255 20 Comparative
Example
7-5 2-1 20 1.2 | 20 | 41 | 186 | 23.0 30 Example
7-6 2-5 17 15 | 20 | 95 | 25.3 | 315 100 Example
77 2-6 41 1.0 | 1.7 | 52 | 145 | 235 100 Example
7-8 3-2 16 1.3 | 20 | 89 | 250 | 32.0 50 Example
7-9 4-4 35 07 | 1.2 | 65 | 21.1 | 265 60 Example
7-10 5-2 20 1.2 | 1.7 | 75 | 285 | 35.0 70 Example
7-11 5-3 35 04 | 1.2 | 72 | 251 | 33.0 70 Example
7-12 6-1 29 1.1 | 1.3 | 89 | 245 | 325 70 Example
7-13 6-4 28 1.3 | 20 | 9.2 | 280 | 35.0 70 Example
7-14 65 17 03 | 1.0 | 68 | 225 | 295 70 Example
7-15 | T-5 10 pts 29 1.1 | 1.9 | 95 | 256 | 33.0 10 Comparative
Example
7-16 T5 7 pts 25 06 | 15 | 89 | 25.1 | 30.0 45 Comparative
Example
7-17 1-30 20 1.3 | 1.8 | 7.3 | 21.7 | 29.0 80 Example
[0115]

As in Table 8, the samples of Examples were good in all the initial
strength, the long-term strength and the crack repairing rate. As Comparative
Examples, there are known ordinary quick-setting agents of Test No. 7-15 and
Test No. 7-16, but these are poor in improving the crack repairing rate. The
rebound ratio is generally 20% or more, but some comparative samples had a
higher rebound ratio than the general rate. On the other hand, it can be seen
that some quick-setting agents of Examples of the invention have a more
favorable rebound ratio.

Test No. 7-3 has a good crack repairing rate, but has an extremely long
setting time (see Table 1) and is therefore impracticable as a powdered
quick-setting agent of the present invention.

[0116]
"Experimental Example 8"

Powdered quick-setting agents were prepared in the same manner as in
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Experimental Example 1 by blending alkali carbonate A, calcium aluminate,
calcium hydroxide a, alum a and sodium silicate according to the formulation
shown in Table 9 and Table 10, while on the other hand, mortar composed of 800 g
of cement 2000 g of fine aggregate, 400 g of water was prepared, and 80 g of the
powdered quick-setting agent was added to the mortar to prepare quick-setting
mortar (quick-setting material), and immediately after preparation, the
flowability reduction time, the setting time and the compression strength of the
material were measured. The results are shown in Table 9 and Table 10.
[0117]

The materials used and the test methods are described below.
"Materials Used"
Cement: prepared by mixing normal Portland cement and blast furnace slag
powder in a ratio by mass of 6/4, density 3.04 g/cm3
[0118]

The quick-setting agent of Test No. 8-5 was added to cement in which the
blending ratio by mass of blast furnace slag powder was changed as in Table 11,
and the resultant material was tested in the same manner as above to measure
the flowability reduction time, the setting time and the compression strength.

The results are shown in Table 11.
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[0119]
Table 9
Formulation of Powdered Quick-Setting Agent Setting Cosntlferss;on
(part) Flowability | Time (min) &

Test . (N/mm?2)

- - Reduction Remarks
No. Alkali . Calcium . .

Calcium .7 | Alum | Sodium | Time (sec) 28
Carbonate A . Hydroxide i Start | End | 1 day
A luminate a a Silicate days
8-1 0 50 20 10 5 3 1 3 2.0 35.5 Example
8-2 1 50 20 10 5 4 1 4 5.3 36.0 Example
8-3 3 50 20 10 5 4 1.25 4 6.5 34.3 Example
8-4 5 50 20 10 5 4 1.25 3 8.2 34.1 Example
8-5 10 50 20 10 5 5 1.5 5 10.3 | 33.9 Example
8-6 20 50 20 10 5 5 1.5 6 11.1 | 33.7 Example
8-7 25 50 20 10 5 15 2 10 12.2 30.0 Example
88 10 0 20 10 5 10 40 | 200 | 50 | 27.5 |Comparative
Example

8-9 10 25 20 10 5 10 30 5.5 39.3 Example
8-10 10 30 20 10 5 10 20 8.3 37.8 Example
8-11 10 40 20 10 5 1.5 10 9.0 36.7 Example
8-5 10 50 20 10 5 1.5 5 10.3 33.9 Example
8-12 10 70 20 10 5 0.75 4 9.1 31.9 Example
8-13 10 75 20 10 5 2 0.75 3 5.8 30.8 Example
8-14 10 50 0 10 5 10 1.25 8 7.9 24.3 Example
8-15 10 50 10 5 3 1 5 8.8 30.8 Example
8-16 10 50 10 10 5 3 1.25 6 9.3 33.3 Example
8-5 10 50 20 10 5 5 1.5 5 10.3 | 33.9 Example
8-17 10 50 25 10 5 5 1.5 5 8.3 33.8 Example
8-18 10 50 35 10 5 5 1.5 5 6.2 33.6 Example
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[0120]
Table 10
Formulation of Powdered Quick-Setting Agent Setting Cosntlferss;on
(part) Flowability | Time (min) &
Test . (N/mm?2)
- - Reduction Remarks
No. Alkali . Calcium . .
Calcium .7 | Alum | Sodium | Time (sec) 28
Carbonate A . Hydroxide o Start | End | 1 day
A luminate a a Silicate days
8-19 10 50 20 0 5 9 0.75 5 3.9 29.3 Example
8-20 10 50 20 0.5 5 6 1 4 8.3 31.0 Example
8-21 10 50 20 5 5 5 1.5 5 9.1 34.3 Example
8-5 10 50 20 10 5 5 1.5 5 10.3 33.9 Example
8-22 10 50 20 20 5 3 1.25 5 10.5 | 33.5 Example
8-23 10 50 20 25 5 3 1.5 6 10.3 | 33.8 Example
824 10 50 20 10| 0 60 2 | 5 | 108 | 353 |Comparative
Example
8-25 10 50 20 10 0.5 30 1.75 20 10.1 34.9 Example
8-26 10 50 20 10 1 20 1.5 6 10.5 | 35.0 Example
8-5 10 50 20 10 5 5 1.5 5 10.3 | 33.9 Example
8-27 10 50 20 10 10 4 1.5 4 9.9 33.1 Example
8-28 10 50 20 10 20 3 0.75 5 8.5 32.2 Example
8-29 10 50 20 10 25 2 1 4 4.0 25.5 Example
8-30 80 20 7 1.25 9 6.3 31.2 Example
[0121]
Table 11
Powcfe;]:al(lilgi;(l){l}soeft tin Setting Time Compression
& | Flowability (min) Strength (N/mm?2)
Test Agent (part) .
Reduction Remarks
No. Normal Blast Time (sec)
Portland | Furnace Slag Start End 1day | 28 days
Cement Powder
8-31 20 80 15 2 15 2.0 37.1 Example
8-32 40 60 9 1.75 9 5.4 36.4 Example
8-5 60 40 5 1.5 5 10.3 33.9 Example
8-33 80 20 5 1 3 11.7 32.5 Example
[0122]

As in Table 9 and Table 10, the powdered quick-setting agents containing

alkali carbonate A, calcium aluminate, calcium hydroxide a and alum a were

effective for shortening a flowability reduction time, not delaying a setting time

and securing a high compression strength even for cement mixed with a blast

furnace slag powder.
[0123]

As in Table 11, when the blending ratio by mass of a blast furnace slag
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powder in cement was changed, the quick-setting agents were still good in the
flowability reduction time, the setting time and the compression strength.

[0124]

<Examples of Second Aspect of Invention>

"Experimental Example 1"

Alkali carbonate A, calcium aluminate, calcium hydroxide, alum a, sodium
silicate and alkali metal sulfate (ii) were mixed according to the blending
formulation shown in Table 1 and Table 2 to prepare a powdered quick-setting
agent, while on the other hand, mortar composed of 800 g of cement 2000 g of fine
aggregate, 400 g of water was prepared, and 80 g of the powdered quick-setting
agent was added to the mortar to prepare quick-setting mortar (quick-setting
material), and immediately after preparation, the flowability reduction time, the
setting time and the compression strength of the material were measured. The
results are shown in Table 12 and Table 13.
[0125]

The materials used and the test methods are described below.
"Materials Used"
Cement: commercial product, normal Portland cement, density 3.15 g/cm3
Fine aggregate: river sand from Himekawa river system of Niigata prefecture,
density 2.61 g/cm3
Water: industrial water
Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Calcium aluminate: Raw materials were crushed and mixed so as to have a molar
ratio CaO/Al203 of 2.5, then melted in an electric furnace and rapidly cooled.
Degree of vitrification 90%, Blaine 5500 cm?2/g
Calcium hydroxide: commercial product corresponding to Slaked Lime No. 2
defined in JIS R 9001
Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?/g
Sodium silicate: Si02/Na2O molar ratio 1.0, Blaine 600 cm?/g, commercial product,
anhydride
Alkali metal sulfate (ii): sodium sulfate, Blaine 500 cm?/g, commercial product,
anhydride
[0126]
"Test Methods"

Flowability reduction time:
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A powdered quick-setting agent was added to the prepared mortar, then
kneaded with a mortar mixer for 10 seconds at a high-speed mode, and the time
for mortar flowability reduction was measured by finger touch.

In finger touch immediately after addition of agent, a state where a finger
could no more penetrate into the sample was considered to be a state of flowability
reduction.

[0127]
Setting time:

A powdered quick-setting agent was added to the prepared mortar, then
quickly packed in a formwork exclusive for proctor test, and the start time for
setting and the end time of setting after addition of the powdered quick-setting
agent were measured (according to ASTM C403).

[0128]
Compression strength:

Like that for measurement of the setting time, the compression strength
(N/mm?2) after preparation of the quick-setting mortar was measured. The
material age was 3 hours, 1 day and 28 days (according to JSCE D102).

[0129]
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Table 12
Setting Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- .
o (min) (N/mm?
Test — ability
. Alkali : Remarks
No.| Alkali . . . Reduction
Carbonat Calcium | Calcium |Alum|Sodium| Metal Time (sec) |Start| End 3 1 28
a AO a®l Aluminate Hydroxide| a |Silicate|Sulfate a hrs | day | days
(1)
1-1 0 50 20 10 5 10 2 0.5 3 |14] 6.6 | 33.6 Example
1-2 1 50 20 10 5 10 2 0.75| 3 |1.6| 6.9 [32.5| Example
1-3 3 50 20 10 5 10 2 0.75| 3 |1.7| 8.4 [32.4| Example
1-4 5 50 20 10 5 10 2 0.75| 4 |1.9]11.2|32.1 Example
1-5 10 50 20 10 5 10 3 0.75| 4 |2.2]12.2|32.0 Example
1-6 20 50 20 10 5 10 3 1 5 12.4(13.3|32.0| Example
1-7 25 50 20 10 5 10 10 2 8 [2.5|15.5(30.2| Example
18| 10 0 20 10| 5 10 6 32 (240 0.4 | 7.1 | 24.3 | Comparative
Example
1-9 10 25 20 10 5 10 6 5 40 | 0.7 | 8.3 | 34.0 Example
1-10 10 30 20 10 5 10 5 3 | 15]1.2[10.6|34.0| Example
1-11 10 40 20 10 5 10 3 2 7 11.9]11.4]|32.6 Example
1-5 10 50 20 10 5 10 3 0.75| 4 |2.2(12.2|32.0 Example
1-12 10 70 20 10 5 10 2 0.75| 2 |2.8]11.1|30.1 Example
1-13 10 75 20 10 5 10 1 05| 1 |33]|80](27.9| Example
1-14 10 50 10 5 10 5 1 6 |1.8(10.6|23.1 Example
1-15 10 50 10 5 10 3 1 4 [1.912.1]29.7 Example
1-16 10 50 10 10 5 10 3 0.75| 4 |2.0[12.6|30.8 Example
1-5 10 50 20 10 5 10 3 0.75| 4 |2.2(12.2]32.0| Example
1-17 10 50 25 10 5 10 3 0.75| 3 |2.5[11.5[32.1| Example
1-18 10 50 35 10 5 10 3 0.5 3 |3.1]94|315 Example

[0130]
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Table 13
Setting Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- .
o (min) (N/mm?2)
Test — ability
. Alkali : Remarks
No.| Alkali . . . Reduction
Carbonat Calcium | Calcium |Alum|Sodium| Metal Time (sec) |Start| End 3 1 28
a Ao a®l Aluminate Hydroxide| a |Silicate|Sulfate a hrs | day | days
(i1)
1-19] 10 50 20 0 5 10 8 05| 3 |15|6.1[260| Example
1-20| 10 50 20 0.5 5 10 6 05| 3 |1.6/10.4]27.2| Example
1-21| 10 50 20 5 5 10 4 0.75| 3 |1.9/11.2]30.2| Example
1-5 10 50 20 10 5 10 3 0.75| 4 |2.2/12.2]32.0| Example
1-22| 10 50 20 20 5 10 3 0.75| 4 |2.6/12.9/32.0| Example
1-23| 10 50 20 25 5 10 2 0.75| 4 |38.3]12.9]/31.5| Example
1-24| 10 50 20 10 0 10 50 1 | 4 |09]|12.6|33.0|Comparative
Example
1-25| 10 50 20 10 | 05 10 25 1 | 4 |1.3/12.7/382.7| Example
1-26] 10 50 20 10 1 10 15 0.75| 4 |1.8|12.3]32.5| Example
1-5 10 50 20 10 5 10 3 0.75| 4 |2.2]12.2]32.0| Example
1-27| 10 50 20 10 | 10 10 3 0.75| 3 |2.4|11.1]30.6| Example
1-28] 10 50 20 10 | 20 10 2 05| 3 |25/10.3/29.1| Example
1-29| 10 50 20 10 | 25 10 1 05| 3 |25|6.7[224| Example
1-30 0 80 0 0 20 10 5 0.75| 5 |2.3|88(29.6| Example
1-31] 10 50 20 10 5 0 3 0.75| 4 | 0.9 |12.1|32.0| Reference
Example
1-32 0 50 20 10 5 0 2 05| 3 | 05|33 |335| Reference
Example
1-33| 10 0 20 10 5 0 5 30 |180] 0.3 | 7.5 | 24.0 | Comparative
Example
1-34| 10 50 0 10 5 0 5 0.75| 5 | 0.6 |10.5|20.0| Reference
Example
1-35| 10 50 20 0 5 0 7 05| 3 | 07|51 |250| Reference
Example
1-36| 10 50 20 10 0 0 45 1 | 4 |05|12.5| 32,0 |Comparative
Example
1-37 0 80 0 0 20 0 5 0.75| 7 | 1.0| 7.7 |20.0| Reference
Example
[0131]

From Table 12 and Table 13, it can be seen that, by containing a calcium

aluminate, a sodium silicate and an alkali metal sulfate, and preferably further

containing, in addition thereto, a calcium hydroxide, an alum and an alkali

carbonate, the flowability reduction time was short, the setting time was not

delayed and the compression strength was good.

In particular, when an alkaline

earth metal sulfate is contained, the short-time strength was further improved.

It can be seen that the content of each component has its own appropriate level.
[0132]

"Experimental Example 2"
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The same tests as in Experimental Example 1 were carried out except that
sodium silicates having a different molar ratio SiO2/Na2O were used as in Table
14. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 14 below.

[0133]

Table 14
No. Si09/NazO Rgductlon Remarks

molar ratio | Time (sec) Start End 3hrs | 1lday | 28days

2-1 0.45 2 0.75 3 1.2 6.1 22.7 Example
2-2 0.5 2 0.75 3 1.6 11.2 31.5 Example
2-3 0.67 3 0.75 3 1.9 11.3 32.0 Example
2-4 0.9 3 0.75 4 2.1 12.2 32.0 Example
1-5 1.0 3 0.75 4 2.2 12.2 32.0 Example
2-5 1.3 4 0.75 4 2.0 12.1 32.0 Example
2-6 1.5 5 0.75 4 1.7 11.1 29.5 Example
2-7 2.0 10 2 7 1.2 7.0 23.3 Example

[0134]

From Table 14, can be seen that, by containing a calcium aluminate and a
sodium silicate, the flowability reduction time was short, the setting time was not
delayed and the compression strength was good. It is further known that the
molar ratio of S102/Na2O of sodium silicate has an appropriate numerical range
for expressing better properties.

[0135]
"Experimental Example 3"

The same tests as in Experimental Example 1 were carried out except that
different kinds of sodium silicate hydrate as shown in Table 15 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction

time, the setting time and the compression strength thereof were measured. The
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results are shown in Table 15.

[0136]
Table 15
Test Sodium Flowability Setting Time Compression Strength
I\?(s) Silicate Reduction (min) (N/mm?2) Remarks
’ Hydrate Time (sec) Start End 3 hrs 1day | 28 days
1-5 Anhydride 4 0.75 4 2.2 12.3 32.0 Example
3-1 5-Hydrate 2 0.75 4 2.2 11.7 31.5 Example
3-2 9-Hydrate 1 0.75 4 2.0 10.7 30.8 Example
[0137]

From Table 15, it is considered that any type of sodium silicate hydrate is
effective for a powdered quick-setting agent.
[0138]

"Experimental Example 4"
(Experimental Example 4-1)

The same tests as in Experimental Example 1 were carried out except that
alkali metal sulfate (i) was used. The powdered quick-setting agent was
formulated so as to have the formulation of Test No. 1-5. 80 g of the powdered
quick-setting agent was added to mortar to prepare quick-setting mortar, and
immediately after preparation, the flowability reduction time, the setting time
and the compression strength thereof were measured. The results are shown in
Table 16-1.

[0139]

"Materials Used"

Alkali metal sulfate (): lithium sulfate, commercial product, Blaine 500 cm?2/g
[0140]

Table 16-1
Test Alkali Flowabi.lity Setting Time Compression Strength
No. Metal Reduction (min) (N/mm?2) Remarks
Sulfate | Time (sec) Start End 3 hrs l1day | 28days
4-1 @ 3 0.75 3 2.5 12.5 32.5 Example
15 (i) 4 0.75 4 2.2 12.3 32.0 | Example
[0141]

As in Table 16-1, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good even using lithium

sulfate.
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[0142]
(Experimental Example 4-2)

The same tests as in Experimental Example 1 were carried out except that
the blending ratio of alkali metal sulfate (ii) was changed as in Table 5-2 below.
Except for the blending ratio of alkali metal sulfate (ii) therein, the powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

The results are shown in Table 16-2.

[0143]
Table 16-2
Bleqdlng Flowability |Setting Time (min) Compression Strength
Test Ratio of ) (N/mm?2)
No. | Alkali Metal ?."du‘ztm; Remarks
Sulfate (part) ime (sec Start End 3 hrs 1day | 28 days

5-1 3 3 0.75 4 3.5 9.5 34.0 Example
5-2 5 3 0.75 4 3.5 11.8 33.3 Example
5-3 15 3 0.75 4 2.6 13.1 31.5 Example
5-4 25 3 0.75 4 2.0 14.5 30.6 Example
5-5 30 4 0.75 6 1.7 15.1 28.1 Example
1-5 10 3 0.75 4 2.2 12.2 32.0 Example

[0144]

As in Table 16-2, it is confirmed that the flowability reduction time and
the setting time do not change when the blending amount of the alkali metal
sulfate is 3 to 25 parts, and a material age of 1 day is stably secured.

[0145]
"Experimental Example 5"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alum as shown in Table 17 were used. The powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 17.

[0146]

"Materials Used"

Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum b: sodium aluminum sulfate 12-hydrate, commercial product, Blaine 700

cm?2/g
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Alum c¢: ammonium alum 12-hydrate, commercial product, Blaine 600 cm?/g
Alum d: iron alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum e: chromium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Alum f: potassium alum anhydride, commercial product, Blaine 600 cm?/g
Alum g: ammonium alum anhydride, commercial product, Blaine 700 cm?2/g
Alum h' iron alum mono-hydrate, commercial product, Blaine 600 cm?2/g
Alum i: iron alum anhydride, commercial product, Blaine 700 cm?/g

[0147]

Table 17
. Flowabilit, . . . Compression Strength
Test No. KAl?jn(;f Reductiony Setting Time (min) (N/mm?) Remarks
Time (sec) Start End 3 hrs 1day | 28 days

1-5 a 4 0.75 4 2.2 12.3 32.0 Example
5-1 b 4 0.75 5 2.0 11.3 31.3 Example
5-2 c 3 0.75 4 1.7 8.8 30.1 Example
5-3 d 5 1 5 1.7 9.9 27.4 Example
5-4 e 20 3 10 1.6 7.0 25.2 Example
5-5 f 3 0.75 3 2.3 13.1 33.3 Example
5-6 g 3 0.75 3 1.9 9.9 26.6 Example
5-7 h 3 0.75 4 1.8 9.2 28.1 Example
5-8 1 3 0.75 4 1.7 10.1 29.1 Example

[0148]

As in Table 17, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alum. In addition, it can be seen that some types of alum are effective for
expressing better properties.

[0149]
"Experimental Example 6"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alkali carbonate as shown in Table 18 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 7.

[0150]
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"Materials Used"

Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Alkali carbonate B commercial product, sodium sesqui-carbonate, Blaine 1400
cm?2/g

Alkali carbonate C commercial product, sodium bicarbonate, Blaine 800 cm2/g
Alkali carbonate D: commercial product, lithium carbonate, Blaine 1000 cm2/g

Alkali carbonate E: commercial product, potassium carbonate, Blaine 1200 cm?/g
[0151]

Table 18
Test Kind Qf Flowabillity Settin,c?r Time Compression Strength
No. Alkali Rgductlon (min) (N/mm?2) Remarks
Carbonate | Time (sec) Start End 3 hrs 1day | 28 days
1-5 A 4 0.75 4 2.2 12.3 32.0 Example
6-1 B 4 0.75 5 2.0 11.8 33.1 Example
6-2 C 5 0.75 7 1.8 9.1 34.3 Example
6-3 D 20 1 20 1.5 6.6 29.9 Example
6-4 E 5 0.75 8 2.0 11.7 32.2 Example
[0152]

As in Table 18, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alkali carbonate. In addition, it can be seen that some types of alkali carbonate
are effective for expressing better properties.

[0153]
"Experimental Example 7"

The same tests as in Experimental Example 1 were carried out except that
calcium aluminates having a different molar ratio CaO/Al20O3 as in Table 19 were
used. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5.

Blaine of 5500 + 200 cm?2/g.

The calcium aluminates were prepared to have

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 19.

[0154]
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Table 19

Calc.ium Flowability Setting Time (min) | Compression Strength (N/mm?)
Test| Aluminate Reduction Remarks
No. CaO/A12Q3 Time (sec) Start End 3 hrs 1 day 28 days

molar ratio

1-5 2.5 4 0.75 4 2.2 12.3 32.0 Example
7-1 1.9 9 2.0 7 2.3 13.7 33.1 Example
7-2 2.0 3 0.75 5 2.2 13.0 33.2 Example
7-3 2.6 2 0.75 4 2.1 12.2 31.8 Example
7-4 3.0 2 0.75 5 2.0 12.0 29.2 Example
7-5 3.1 5 5.0 25 1.6 8.5 27.6 Example
[0155]

From the results in Table 19, it can be seen that, when the molar ratio
CaO/Al20s3 in calcium aluminates was 2.0 to 3.0, the flowability reduction time
and the setting time were short and the compression strength was good.

[0156]
"Experimental Example 8"

Concrete of 360 kg of cement, 216 kg of water, 1049 kg of fine aggregate
and 716 kg of coarse aggregate (No. 6 crushed stone from Himekawa river system
of Niigata prefecture, density 2.67 g/cm3) was prepared. The concrete was
pumped at a rate of 10 m3/h using a concrete pump MKW-25SMT from SHINTEC
Co., Ltd., and on the way, mixed to be a merged stream with compressed air from
a separate system, and pneumatically conveyed. Further, at a point of 3 m before
ejection, a powdered quick-setting agent shown in Table 20 below as mixed to be a
merged stream with the thus-pneumatically conveyed concrete using a conveyer
system DENKA NATMCREAT in such a manner that the agent could be 10 parts
relative to 100 parts of the cement, thereby preparing SPRAY CONCRETE, which
was then sprayed onto an iron plate through a nozzle tip. The initial strength,
the long-term strength, the rebound ratio, and the crack repairing rate after
spraying are shown in Table 20.

[0157]

The same concrete as in Experimental Example 8 was mixed to be a
merged stream with an ordinary quick-setting agent, DENKA NATMIC TYPE-5
(quick-setting agent No. T-5 containing a calcium aluminate as the main
ingredient and not containing an alkali metal silicate and an alkali metal sulfate)
that had been pneumatically conveyed, in such a manner that the agent could be

10 parts (Test No. 8-15) relative to 100 parts of cement to prepare spray concrete,
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which was sprayed onto an iron plate through a nozzle tip. Also similarly, the
quick-setting agent No. T-5 was mixed to be a merged stream with concrete that
had been pneumatically conveyed in such a manner that the agent could be 7
parts (Test No. 8-16) relative to 100 parts of cement to prepare spray concrete,
which was sprayed onto an iron plate through a nozzle tip. The initial strength,
the long-term strength, the rebound ratio, and the crack repairing rate after
spraying are shown in Table 20.

[0158]

"Test Methods"

Initial strength:

Sprayed onto a formwork according to JSCE-G561, the pull-out strength of
the sample at a time of a material age of 10 minutes, 3 hours and 1 day was
converted into a compression strength to determine the initial strength thereof.
[0159]

Long-term strength:

Sprayed onto a formwork according to JSCE-F561, JIS A1107, a core of the
sample was collected at a time of a material age of 7 days and 28 days, and the
compression strength thereof was measured.

[0160]
Rebound:

The rebound in spraying for 3 minutes to a simulated tunnel having an
excavation cross-sectional surface of 15 m2 was measured according to JSCE-F563,
and the rebound ratio from the spray concrete used was determined according to
the following expression.

[0161]

Expression)

Rebound Ratio = Amount of dropped spray concrete (kg)/amount of spray concrete
used for spraying (kg) x 100 (%)

The rebound ratio is preferably 20% or less.

[0162]
Crack repairing rate:

Spray concrete was sprayed onto each of two formworks of 10 cm X 10 cm X
40 cm to prepare test bodies. Immediately after preparation, the two test bodies
were fixed, as separated by a clearance of 0.1 mm therebetween in such a manner

that the 40 cm surface could be in parallel to each other, and cured in water at



47

20°C for 6 months, and the test bodies were observed with a microscope to
determine the repairing rate for the clearance having a width of 0.1 mm.

The crack repairing rate is preferably 50% or more.

[0163]
Table 20
.. Long-Term
Test No. of Initial Strength
Strength Crack
Test| Powdered |Rebound (N/mm2) -
. . (N/mm?) Repairing | Remarks
No. | Quick-Setting| (%)
10 28 Rate (%)
Agent . 3 hrs | 1day | 7 days
min days
8-1 1-5 15 1.8 3.0 9.5 26.6 34.2 100 Example
8-2 1-1 19 0.7 2.2 6.1 27.5 35.3 100 Example
83 1-33 65 0 05 | 59 | 195 | 25.0 80 Comparative
Example
84 1-36 80 04 | 1.7 | 81 | 232 | 329 30 Comparative
Example
8-5 2-1 23 0.4 1.8 7.1 18.5 23.3 50 Example
8-6 2-5 16 1.0 2.8 13.1 25.7 33.5 100 Example
8-7 2-6 35 0.8 2.5 11.9 20.5 30.5 100 Example
8-8 3-2 17 0.7 2.4 11.1 20.0 31.0 50 Example
8-9 5-4 30 0.5 2.0 8.5 18.1 27.5 50 Example
8-10 6-2 20 0.6 2.2 10.5 27.5 34.0 60 Example
8-11 6-3 30 0.4 1.7 8.2 24.2 30.0 60 Example
8-12 7-1 28 1.2 2.9 14.1 24.5 32.5 70 Example
8-13 7-4 25 1.0 2.7 13.2 25.1 33.3 70 Example
8-14 7-5 19 0.4 1.9 9.9 22.3 29.4 70 Example
815| T-510 pts 22 1.1 | 1.9 | 95 | 256 | 33.0 10 Comparative
Example
816| T5 7 pts 25 06 | 1.5 | 89 | 251 | 300 45 Comparative
Example
8-17 1-30 21 1.3 2.7 9.3 22.7 30.3 70 Example

[0164]

As in Table 20, the samples of Examples were good in all the initial
strength, the long-term strength and the crack repairing rate. As Comparative
Examples, there are known ordinary quick-setting agents of Test No. 8-15 and
Test No. 8-16, but these are poor in improving the crack repairing rate. The
rebound ratio is generally 20% or more, but some comparative samples had a
higher rebound ratio than the general rate. On the other hand, it can be seen
that some quick-setting agents of Examples of the invention have a more
favorable rebound ratio.

Test No. 8-3 has a good crack repairing rate, but has an extremely long

setting time (see Table 12) and is therefore impracticable as a powdered
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quick-setting agent of the present invention.
[0165]

<Examples of Third Aspect of Invention>
"Experimental Example 1"

Alkali carbonate A, calcium aluminate, calcium hydroxide, alum a, sodium
silicate and alkaline earth metal sulfate (ii) were mixed according to the blending
formulation shown in Table 1 and Table 2 to prepare a powdered quick-setting
agent, while on the other hand, mortar composed of 800 g of cement 2000 g of fine
aggregate, 400 g of water was prepared, and 80 g of the powdered quick-setting
agent was added to the mortar to prepare quick-setting mortar (quick-setting
material), and immediately after preparation, the flowability reduction time, the
setting time and the compression strength of the material were measured. The
results are shown in Table 21 and Table 22.
[0166]

The materials used and the test methods are described below.
"Materials Used"
Cement: commercial product, normal Portland cement, density 3.15 g/cm3
Fine aggregate: river sand from Himekawa river system of Niigata prefecture,
density 2.61 g/cm3
Water: industrial water
Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm2/g
Calcium aluminate: Raw materials were crushed and mixed so as to have a molar
ratio CaO/Al203 of 2.5, then melted in an electric furnace and rapidly cooled.
Degree of vitrification 90%, Blaine 5500 cm?2/g
Calcium hydroxide: commercial product corresponding to Slaked Lime No. 2
defined in JIS R 9001
Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Sodium silicate: Si02/Na2O molar ratio 1.0, Blaine 600 cm?/g, commercial product,
anhydride
Alkaline earth metal sulfate (i): natural anhydrite, Blaine 4500 cm?/g, crushed
product
[0167]
"Test Method"
Flowability reduction time:

A powdered quick-setting agent was added to the prepared mortar, then
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kneaded with a mortar mixer for 10 seconds at a high-speed mode, and the time
for mortar flowability reduction was measured by finger touch.

In finger touch, a state where a finger could not penetrate into the sample
as compared with a fresh sample immediately after kneading with the
quick-setting agent was considered to be a state of flowability reduction.

[0168]
Setting time:

A powdered quick-setting agent was added to the prepared mortar, then
quickly packed in a formwork exclusive for proctor test, and the start time for
setting and the end time of setting after addition of the powdered quick-setting
agent were measured (according to ASTM C403).

[0169]
Compression strength:

Like that for measurement of the setting time, the compression strength
(N/mm?2) after preparation of the quick-setting mortar was measured. The
material age was 3 hours, 1 day and 28 days (according to JSCE D102).

In Experimental Examples 1 to 8, the test temperature was 25°C, and in
Experimental Example 9, the test temperature was 35°C.

[0170]
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Table 21
Setting | Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- (min) (N/mm?)
Test Alkaline| ability Remarks
No.| Alkali . Calcium . Earth [Reduction
Calcium .. |Alum |[Sodium . 3| 1|28
Carbonate . Hydroxide - Metal |Time (sec)|Start|End
Aluminate a |Silicate hrs| day [days
A a Sulfate
@)
1-1 0 50 20 10 5 40 2 0.5 4 12.4|8.7(36.6/] Example
1-2 1 50 20 10 5 40 3 0.75| 3 [2.6]9.2 (35.5| Example
1-3 3 50 20 10 5 40 3 0.75| 3 [2.7|10.4|35.4| Example
1-4 5 50 20 10 5 40 3 0.75| 3 [2.9|13.2(35.1| Example
1-5 10 50 20 10 5 40 3 0.75| 4 [3.4|14.2(35.7| Example
1-6 20 50 20 10 5 40 3 1 5 [3.6(15.2|35.5| Example
1-7 25 50 20 10 5 40 10 2 8 [3.5(16.5|34.1| Example
18| 10 0 20 10| 5 40 6 10 |260|0.4| 7.2 |26.3| COmparative
Example
1-9 10 25 20 10 5 40 5 6 50 |1.9(12.1|134.9| Example
1-10 10 30 20 10 5 40 5 3 20 (2.3]13.2|35.0/ Example
1-11 10 40 20 10 5 40 4 2 8 [3.0(14.3|36.7| Example
1-5 10 50 20 10 5 40 3 0.75| 4 [3.4|14.2(35.7| Example
1-12 10 70 20 10 5 40 1 0.75| 2 [3.8]/16.4/36.8| Example
1-13 10 75 20 10 5 40 1 0.5 1 |3.8/10.8/30.8| Example
1-14 10 50 0 10 5 40 6 2 7 13.3]13.6/29.1| Example
1-15 10 50 10 5 40 3 1 5 [3.4(15.1|133.2| Example
1-16 10 50 10 10 5 40 3 0.75| 4 |3.6|15.8/34.7| Example
1-5 10 50 20 10 5 40 3 0.75| 4 [3.4|14.2(35.7| Example
1-17 10 50 25 10 5 40 3 0.75| 3 [4.0]/16.1{35.1| Example
1-18 10 50 35 10 5 40 3 0.5 3 [4.3(12.1|34.4| Example

[0171]
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Table 22
Setting | Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- (min) (N/mm?2)
Test Alkaline| ability Remarks
No.| Alkali . Calcium . Earth |Reduction
Calcium .5 |Alum|Sodium . 3 1|28
Carbonate . Hydroxide - Metal |Time (sec)|Start|End
Aluminate a |Silicate hrs | day |days
A a Sulfate
@)
1-19] 10 50 20 0 5 40 7 05| 3 |2.8]84(30.0] Example
1-20 10 50 20 0.5 5 40 5 05| 3 [3.0[12.4/31.2| Example
1-21| 10 50 20 5 5 40 4 0.75| 3 |3.2]13.2/33.2| Example
15 10 50 20 10 5 40 3 0.75| 4 |3.4]14.2/35.7| Example
1-22| 10 50 20 20 5 40 3 0.75| 4 |4.3]14.9/36.7| Example
1-23| 10 50 20 25 5 40 2 0.75| 4 |4.2]14.8/35.5| Example
1-24| 10 50 20 10 0 40 60 2 | 5 |0.9|13.6]33.9|Comparative
Example
1-25| 10 50 20 10 | 05 40 35 2 | 5 [1.5|14.7/34.7| Example
1-26] 10 50 20 10 1 40 20 1 | 4 |2.8(15.3/35.5| Example
1-5 10 50 20 10 5 40 3 0.75| 4 |3.4]14.2|35.7| Example
1-27| 10 50 20 10 10 40 3 0.75| 3 |4.0]15.7/35.8| Example
1-28] 10 50 20 10 | 20 40 2 0.5 | 3 |4.1]14.2/32.1] Example
1-29| 10 50 20 10 | 25 40 1 05| 2 |3.5(10.1/28.4| Example
1-30 0 80 0 0 20 40 6 0.75| 9 |4.1]11.4/33.1| Example
1-31] 10 50 20 10| 5 0 3 |0.75| 4 |0.9]12.1|32.0] Reference
Example
1-32 0 50 20 10 5 0 2 05| 3 05|33 |33.5| Reference
Example
1-33| 10 0 20 10 5 0 5 30 |180|0.3| 7.5 |24.0|Comparative
Example
1-34| 10 50 0 10 5 0 5 0.75 | 5 |0.6|10.5|20.0| Reference
Example
1-35| 10 50 20 0 5 0 7 05 | 3 [07]5.1 |25.0| Reference
Example
1-36| 10 50 20 10 0 0 45 1 | 4 |0.5]|12.5|32.0|Comparative
Example
1-37 0 80 0 0 20 0 5 0.75| 7 |1.0| 7.7 |20.0| Reference
Example
[0172]

From Table 21 and Table 22, it can be seen that, by containing a calcium

aluminate, a sodium silicate and an alkaline earth metal sulfate, and preferably

further containing, in addition thereto, a calcium hydroxide, an alum and an

alkali carbonate, the flowability reduction time was short, the setting time was

not delayed and the compression strength was good.

In particular, when alkaline

earth metal sulfate is contained, the short-time and long-term compression

strength was further improved.

It can be seen that the content of each

component has its own appropriate level.
[0173]
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"Experimental Example 2"

The same tests as in Experimental Example 1 were carried out except that
sodium silicates having a different molar ratio Si02/Na20 were used as in Table
23. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 23 below.

[0174]
Table 23
S9§ium Flowability Setting Time Compression Strength
Test Silicate . (min) (N/mm?)
No. Si04/NasO Rf:ductlon Remarks
molar ratio Time (sec) Start End 3 hrs 1day | 28 days
2-1 0.45 2 0.75 3 3.1 8.2 28.1 Example
2-2 0.5 3 0.75 3 3.4 13.8 35.3 Example
2-3 0.67 4 0.75 3 3.6 14.0 36.1 Example
2-4 0.9 5 0.75 3 3.9 15.9 37.1 Example
1-5 1.0 3 0.75 4 3.4 14.2 35.7 Example
2-5 1.3 5 0.75 4 3.5 14.4 34.5 Example
2-6 1.5 5 0.75 5 3.3 13.6 32.2 Example
2-7 2.0 10 2 6 3.0 9.0 27.9 Example
[0175]

From Table 23, it can be seen that, by containing a calcium aluminate, a
sodium silicate and an alkaline earth metal sulfate, the flowability reduction time
was short, the setting time was not delayed and the compression strength was
good. It is further known that the molar ratio of S102/Na20 of sodium silicate
has an appropriate numerical range for expressing better properties.

[0176]
"Experimental Example 3"

The same tests as in Experimental Example 1 were carried out except that
different kinds of sodium silicate hydrate as shown in Table 24 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare

quick-setting mortar, and immediately after preparation, the flowability reduction
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time, the setting time and the compression strength thereof were measured. The

results are shown in Table 24.

[0177]
Table 24
Test Sodium Flowability Setting Time Compression Strength
1\?5 Silicate Reduction (min) (N/mm?2) Remarks
’ Hydrate Time (sec) Start End 3 hrs 1day | 28 days
1-5 Anhydride 3 0.75 4 3.4 14.2 35.7 Example
3-1 5-Hydrate 4 0.75 4 3.6 15.5 35.5 Example
3-2 9-Hydrate 2 0.75 4 3.3 13.2 33.5 Example
[0178]

From Table 24, it is considered that any type of sodium silicate hydrate is
effective for a powdered quick-setting agent.
[0179]

"Experimental Example 4"
(Experimental Example 4-1)

The same tests as in Experimental Example 1 were carried out except that
alkaline earth metal sulfate (ii) was used. The powdered quick-setting agent was
formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 25-1.

[0180]

"Materials Used"
Alkaline earth metal sulfate (ii): magnesium sulfate, commercial product, Blaine
1500 cm?/g

[0181]

Table 25-1

Test Alkaline Flowability Setting Time Compression Strength

1\?5 Earth Metal | Reduction (min) (N/mm?2) Remarks

) Sulfate Time (sec) Start End 3 hrs 1 day 28 days

4-1 (1) 6 0.75 5 3.9 16.8 36.5 Example
1-5 @) 3 0.75 4 3.4 14.2 35.7 Example
[0182]

As in Table 25-1, the flowability reduction time was short, the setting time
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was not delayed and the compression strength was good even using magnesium
sulfate.
[0183]
(Experimental Example 4-2)

The same tests as in Experimental Example 1 were carried out except that
the blending ratio of alkaline earth metal sulfate (i) was changed as in Table 25-2
below. Except for the blending ratio of alkaline earth metal sulfate (i) therein,
the powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5. The results are shown in Table 25-2.

[0184]
Table 25-2
Blending Batlo Flowability | Setting Time (min) Compression Strength
Test | of Alkaline . (N/mm?)
No. Earth Metal R.e duc(tmI; Remarks
Sulfate (part) Time (sec Start End 3 hrs 1day | 28 days
5-1 15 1 0.75 3 4.1 13.6 30.2 Example
5-2 20 3 0.75 3 4.3 13.5 33.1 Example
5-3 30 3 0.75 4 3.5 13.1 35.6 Example
5-5 50 4 0.75 4 3.6 13.6 35.0 Example
5-6 60 6 1 5 2.2 13.2 36.1 Example
5-7 65 10 2 14 1.9 13.1 36.2 Example
1-5 40 3 0.75 4 3.4 14.2 35.7 Example
[0185]

As in Table 25-2, it is confirmed that, especially when the blending
amount of the alkaline earth metal sulfate 1s 20 to 60 parts, the compression
strength at a material age of 28 day is increased without having any negative
influence on flowability and setting time.

[0186]
"Experimental Example 5"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alum as shown in Table 26 were used. The powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 26.

[0187]
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"Materials Used"

Alum a‘ potassium alum 12-hydrate, commercial product, Blaine 600 cm?/g

Alum b: sodium aluminum sulfate 12-hydrate, commercial product, Blaine 700
cm?2/g

Alum c¢: ammonium alum 12-hydrate, commercial product, Blaine 600 cm?/g
Alum d: iron alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum e: chromium alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum f: potassium alum anhydride, commercial product, Blaine 600 cm?/g

Alum g ammonium alum anhydride, commercial product, Blaine 700 cm?/g

Alum h: iron alum mono-hydrate, commercial product, Blaine 600 cm?2/g

Alum i: iron alum anhydride, commercial product, Blaine 700 cm?/g
[0188]

Table 26
Test Kind of Flowabi'lity Setting Time Compression Strength
No. Alum Rfe duction (min) (N/mm?) Remarks
Time (sec) Start End 3 hrs 1day | 28 days
1-5 a 3 0.75 4 3.4 14.2 35.7 Example
6-1 b 5 0.75 5 4.1 13.4 34.1 Example
6-2 c 3 0.75 5 3.4 11.7 33.1 Example
6-3 d 4 1 5 3.5 12.1 30.1 Example
6-4 e 25 4 15 3.3 9.9 27.7 Example
6-5 f 4 0.75 4 4.2 15.6 36.3 Example
6-6 g 4 0.75 4 3.6 12.7 30.1 Example
6-7 h 3 0.75 3 3.3 11.9 31.6 Example
6-8 i 3 0.75 3 3.3 12.8 32.9 Example
[0189]

As in Table 26, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alum. In addition, it can be seen that some types of alum are effective for
expressing better properties.

[0190]
"Experimental Example 6"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alkali carbonate as shown in Table 27 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
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quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 27.

[0191]

"Materials Used"

Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm2/g
Alkali carbonate B commercial product, sodium sesqui-carbonate, Blaine 1400
cm?2/g

Alkali carbonate C commercial product, sodium bicarbonate, Blaine 800 cm2/g
Alkali carbonate D: commercial product, lithium carbonate, Blaine 1000 cm2/g

Alkali carbonate E: commercial product, potassium carbonate, Blaine 1200 cm?/g

[0192]
Table 27
Test Kind of Flowability Setting Time Compression Strength
I\?s Alkali Reduction (min) (N/mm?) Remarks
) Carbonate | Time (sec) Start End 3 hrs 1day | 28 days
1-5 A 3 0.75 4 3.4 14.2 35.7 Example
7-1 B 5 0.75 5 4.0 13.6 35.2 Example
7-2 C 5 0.75 8 3.7 11.9 35.4 Example
7-3 D 25 1 25 3.5 9.9 33.3 Example
7-4 E 5 0.75 9 3.9 14.5 33.1 Example
[0193]

As in Table 27, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alkali carbonate. In addition, it can be seen that some types of alkali carbonate
are effective for expressing better properties.

[0194]
"Experimental Example 7"

The same tests as in Experimental Example 1 were carried out except that
calcium aluminates having a different molar ratio CaO/Al20O3 as in Table 28 were
used. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5.

Blaine of 5500 + 200 cm?2/g/

The calcium aluminates were prepared to have

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction

time, the setting time and the compression strength thereof were measured. The
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[0195]
Table 28
Calc?um Flowability Settin,c?r Time Compression Strength
Test Aluminate . (min) (N/mm?2)
No. CaO/AlOs Rgductlon Remarks
. Time (sec) Start End 3 hrs 1day | 28 days
molar ratio
1-5 2.5 3 0.75 4 3.4 14.2 35.7 Example
8-1 1.9 10 1.0 6 4.3 16.7 36.0 Example
8-2 2.0 4 0.75 5 4.3 16.1 36.2 Example
8-3 2.6 2 0.75 5 4.4 15.5 35.8 Example
8-4 3.0 2 0.75 6 4.0 15.1 33.3 Example
8-5 3.1 4 4.0 20 3.6 11.0 30.4 Example
[0196]

From the results in Table 28, it can be seen that, when the molar ratio
CaO/Al20s3 in calcium aluminates was 2.0 to 3.0, the flowability reduction time
and the setting time were short and the compression strength was good.

[0197]
"Experimental Example 8"

Concrete of 360 kg of cement, 216 kg of water, 1049 kg of fine aggregate
and 716 kg of coarse aggregate (No. 6 crushed stone from Himekawa river system
of Niigata prefecture, density 2.67 g/cm3) was prepared. The concrete was
pumped at a rate of 10 m3/h using a concrete pump MKW-25SMT from SHINTEC
Co., Ltd., and on the way, mixed to be a merged stream with compressed air from
a separate system, and pneumatically conveyed. Further, at a point of 3 m before
ejection, a powdered quick-setting agent shown in Table 29 below as mixed to be a
merged stream with the thus-pneumatically conveyed concrete using a conveyer
system DENKA NATMCREAT in such a manner that the agent could be 10 parts
relative to 100 parts of the cement, thereby preparing SPRAY CONCRETE, which
was then sprayed onto an iron plate through a nozzle tip. The initial strength,
the long-term strength, the rebound ratio, and the crack repairing rate after
spraying are shown in Table 29.

[0198]

The same concrete as in Experimental Example 8 was mixed to be a
merged stream with an ordinary quick-setting agent, DENKA NATMIC TYPE-5
(quick-setting agent No. T-5 containing a calcium aluminate as the main

ingredient and not containing an alkali silicate) that had been pneumatically
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conveyed, in such a manner that the agent could be 10 parts (Test No. 8-15)
relative to 100 parts of cement to prepare spray concrete, which was sprayed onto
an iron plate through a nozzle tip. Also similarly, the quick-setting agent No. T-5
was mixed to be a merged stream with concrete that had been pneumatically
conveyed in such a manner that the agent could be 7 parts (Test No. 8-16) relative
to 100 parts of cement to prepare spray concrete, which was sprayed onto an iron
plate through a nozzle tip. The initial strength, the long-term strength, the
rebound ratio, and the crack repairing rate after spraying are shown in Table 29.
[0199]

"Test Methods"

Initial strength:

Sprayed onto a formwork according to JSCE-G561, the pull-out strength of
the sample at a time of a material age of 10 minutes, 3 hours and 1 day was
converted into a compression strength to determine the initial strength thereof.
[0200]

Long-term strength:

Sprayed onto a formwork according to JSCE-F561, JIS A1107, a core of the
sample was collected at a time of a material age of 7 days and 28 days, and the
compression strength thereof was measured.

[0201]
Rebound:

The rebound in spraying for 3 minutes to a simulated tunnel having an
excavation cross-sectional surface of 15 m2 was measured according to JSCE-F563,
and the rebound ratio from the spray concrete used was determined according to
the following expression.

[0202]

Expression)

Rebound Ratio = Amount of dropped spray concrete (kg)/amount of spray concrete
used for spraying (kg) x 100 (%)

The rebound ratio is preferably 20% or less.

[0203]
Crack repairing rate:

Spray concrete was sprayed onto each of two formworks of 10 cm X 10 cm X
40 cm to prepare test bodies. Immediately after preparation, the two test bodies

were fixed, as separated by a clearance of 0.1 mm therebetween in such a manner
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that the 40 cm surface could be in parallel to each other, and cured in water at
20°C for 6 months, and the test bodies were observed with a microscope to
determine the repairing rate for the clearance having a width of 0.1 mm.

The crack repairing rate is preferably 50% or more.

[0204]
Table 29
Test No. of Initial Strength Long-Term Strength Crack
Test | Powdered |Rebound (N/mm?) (N/mm?) .
No. | Quick-Setting| (%) Repairing | Remarks
: A g ’ 10min| 3hrs | lday |7days| 28days Rate (%)
gent
9-1 1-5 17 2.3 3.9 12.5 30.6 41.2 100 Example
9-2 1-1 18 1.9 4.2 10.8 29.5 40.3 100 Example
9-3 1-33 60 0 0.8 6.9 21.2 30.1 70 Comparative
Example
9-4 1-36 80 0.8 3.3 11.8 | 25.2 33.9 40 Comparative
Example
9-5 2-1 20 0.8 3.2 10.6 20.2 30.3 60 Example
9-6 2-5 15 2.1 4.0 15.4 29.7 40.2 100 Example
9-7 2-6 32 1.7 4.2 14.8 25.5 38.7 100 Example
9-8 3-2 15 1.5 4.1 13.1 24.8 35.3 60 Example
9-9 5-4 28 1.4 3.9 10.7 20.1 30.4 60 Example
9-10 6-2 18 1.3 3.9 12.9 30.4 41.0 60 Example
9-11 6-3 30 1.0 3.4 10.3 27.3 38.1 70 Example
9-12 71 25 2.1 3.8 16.1 27.5 38.9 70 Example
9-13 7-4 22 2.2 4.2 16.2 28.1 38.8 70 Example
9-14 7-5 18 1.0 3.9 12.3 25.3 36.4 70 Example
o15) 19 22 | 11 | 19 | 95 | 256 | 330 19 | Comparative
10 parts Example
9-16 T5 25 0.6 15 8.9 25.1 30.0 45 Comparative
7 parts Example
9-17 1-30 20 2.3 4.5 12.1 25.6 35.4 70 Example
[0205]

As in Table 29, the samples of Examples were good in all the initial
strength, the long-term strength and the crack repairing rate. As Comparative
Examples, there are known ordinary quick-setting agents of Test No. 9-15 and
Test No. 9-16, but these are poor in improving the crack repairing rate. The
rebound ratio is generally 20% or more, but some comparative samples had a
higher rebound ratio than the general rate. On the other hand, it can be seen
that some quick-setting agents of Examples of the invention have a more
favorable rebound ratio.

Test No. 9-3 has a good crack repairing rate, but has an extremely long

setting time (see Table 21) and is therefore impracticable as a powdered
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quick-setting agent of the present invention.
[0206]
"Experimental Example 9"

The same test as in Experimental Example 1 was carried out except that,
in Test No. 1-30, the test temperature was changed from 25°C to 35°C in (Test No.
10-1).

Also the same test as in Experimental Example 1 was carried out except
that, in Test No. 1-37, the test temperature was changed from 25°C to 35°C in
(Test No. 10-2).

The results are shown in Table 30 below.

[0207]
Table 30
Test Tost Flowability Setting Time Compression Strength
1\?3 Tem gfature Reduction (min) (N/mm?) Remarks
: P Time (sec) | Start End 3 hrs 1day | 28 days
1-30 25°C 6 0.75 9 4.1 11.4 33.1 Example
1-37 25°C 5 0.75 7 1.0 7.7 99.0 | Reference
Example
10-1 35°C 5 0.75 7 1.0 7.7 29.0 Example
10-2 35°C 5 0.75 7 1.0 6.2 91,1 | Reference
Example
[0208]

As in Table 30, the sample of Test No. 10-1 was good all in the initial
strength, the long-term strength and the crack repairing rate at a high
temperature. This 1s presumed to be because of increase in the ettringite
production amount by supplementation with calcium sulfate
[0209]
<Examples of Fourth Aspect of Invention>
"Experimental Example 1"

Alkali carbonate A, calcium aluminate, calcium hydroxide, alum a, sodium
silicate and aluminum sulfate (1) were mixed according to the blending
formulation shown in Table 1 and Table 2 to prepare a powdered quick-setting
agent, while on the other hand, mortar composed of 800 g of cement 2000 g of fine
aggregate, 400 g of water was prepared, and 80 g of the powdered quick-setting
agent was added to the mortar to prepare quick-setting mortar (quick-setting
material), and immediately after preparation, the flowability reduction time, the

setting time and the compression strength of the material were measured. The
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results are shown in Table 31 and Table 32.
[0210]

The materials used and the test methods are described below.
"Materials Used"
Cement: commercial product, normal Portland cement, density 3.15 g/cm3
Fine aggregate: river sand from Himekawa river system of Niigata prefecture,
density 2.61 g/cm3
Water: industrial water
Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Calcium aluminate: Raw materials were crushed and mixed so as to have a molar
ratio CaO/Al203 of 2.5, then melted in an electric furnace and rapidly cooled.
Degree of vitrification 90%, Blaine 5500 cm?2/g
Calcium hydroxide: commercial product corresponding to Slaked Lime No. 2
defined in JIS R 9001
Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Sodium silicate: Si02/Na20O molar ratio 1.0, Blaine 600 cm?/g, commercial product,
anhydride
Aluminum sulfate (1): aluminum sulfate, commercial product, 14 to 18-hydrate,
98% passed through a sieve mesh 1.2 mm.
[0211]
"Test Methods"
Flowability reduction time:

A powdered quick-setting agent was added to the prepared mortar, then
kneaded with a mortar mixer for 10 seconds at a high-speed mode, and the time
for mortar flowability reduction was measured by finger touch.

In finger touch, a state where a finger could not penetrate into the sample
as compared with a fresh sample immediately after kneading with the
quick-setting agent was considered to be a state of flowability reduction.

[0212]
Setting time:

A powdered quick-setting agent was added to the prepared mortar, then
quickly packed in a formwork exclusive for proctor test, and the start time for
setting and the end time of setting after addition of the powdered quick-setting
agent were measured (according to ASTM C403).

[0213]
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Like that for measurement of the setting time, the compression strength

(N/mm?2) after preparation of the quick-setting mortar was measured. The

material age was 3 hours, 1 day and 28 days (according to JSCE D102).

[0214]
Table 31
Setting | Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- .
. (min) (N/mm?)
Test — ability
. . Alumi- : Remarks
No.| Alkali . Calcium . Reduction
Carbonate Calcium Hydroxide Alum Sodium| num Time (sec)|Start| End 31128
A Aluminate | > a a |Silicate|Sulfate hrs|day |days
(1)
1-1 0 50 20 10 5 10 2 0.5 1 |1.3/6.7|32.6| Example
1-2 1 50 20 10 5 10 2 0.5 1 |1.4]7.2|32.2| Example
1-3 3 50 20 10 5 10 2 05| 1 |1.6]/8.2|31.7| Example
1-4 5 50 20 10 5 10 2 0.5 |1.5(1.8(11.8|31.3| Example
1-5 10 50 20 10 5 10 2 0.5 | 1.5]2.1]12.5|31.1| Example
1-6 20 50 20 10 5 10 2 0.5 |1.5]2.2(13.6/31.0| Example
1-7 25 50 20 10 5 10 3 0.75| 2 |2.3]15.1|119.6| Example
18| 10 0 20 10 5 10 7 95 |200[0.3] 7.0 | 25.1|Comparative
Example
1-9 10 25 20 10 5 10 5 1 5 10.6|9.332.0] Example
1-10 10 30 20 10 5 10 5 1 1.1{ 9.9 |31.8| Example
1-11 10 40 20 10 5 10 2 0.75 1.8(11.2|32.0| Example
1-5 10 50 20 10 5 10 2 0.5 |1.5(2.1]12.5|31.1| Example
1-12 10 70 20 10 5 10 1 0.5 |1.5(2.3/11.9|30.1| Example
1-13 10 75 20 10 5 10 1 0.5 1 12.9/9.0|28.6| Example
1-14 10 50 10 5 10 4 0.75| 1.5 |1.7(10.1|24.3| Example
1-15 10 50 10 5 10 3 0.5 |1.5(1.7(11.1|28.5| Example
1-16 10 50 10 10 5 10 2 0.5 | 1.5]2.1(12.6|/31.7| Example
1-5 10 50 20 10 5 10 2 0.5 | 1.5]2.1]12.5|31.1| Example
1-17 10 50 25 10 5 10 2 05| 1 |2.2[12.5|32.0| Example
1-18 10 50 35 10 5 10 2 05| 1 |2.5(10.3|31.8| Example

[0215]
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Table 32
Setting | Compression
Formulation of Powdered Quick-Setting Agent (part) Time Strength
Flow- .
o (min) (N/mm?2)
Test — ability
. . Alumi- : Remarks
No.| Alkali . Calcium . Reduction
Carbonat Calcium Hydroxid Alum Sodium| num Time (sec)|Start| End 3 1 28
a Ao Al Aluminate| ~ O?Xl ® a |Silicate|Sulfate a hrs|day |days
(1)
1-19] 10 50 20 0 5 10 6 0.5 | 1.5[1.6]6.6|26.8| Example
1-20| 10 50 20 05| 5 10 5 05| 1 [1.7/9.4]27.9| Example
1-21| 10 50 20 5 5 10 4 05| 1 [1.8]/11.4/30.4| Example
1-5 10 50 20 10 5 10 2 0.5 | 1.5 [2.1]12.5/31.1| Example
1-22| 10 50 20 20 5 10 2 05| 1 [2.3]12.7/31.5| Example
1-23| 10 50 20 25 5 10 2 05| 1 [2.4]12.5/31.5| Example
1-24| 10 50 20 10 0 10 30 1 | 3 [0.7|12.1|32.0 |Comparative
Example
1-25| 10 50 20 10 | 05 10 20 |0.75| 1.5 [1.4[12.9/32.1| Example
1-26| 10 50 20 10 1 10 10 0.5 | 1.5 [1.8]12.6/32.0| Example
1-5 10 50 20 10 5 10 2 0.5 | 1.5 [2.1]12.5/31.1| Example
1-27| 10 50 20 10 | 10 10 2 0.5 [0.75(2.5(11.6/31.6| Example
1-28] 10 50 20 10 | 20 10 2 0.5 [0.75(2.6] 9.3 |28.2| Example
1-29] 10 50 20 10 | 25 10 1 0.5 [0.75]2.5] 8.9 |24.5| Example
1-30 0 80 0 0 20 10 4 05| 1 [22]8.7]28.6| Example
1-31] 10 50 20 10 5 0 3 0.75| 4 [0.9]12.1]32,0| Reference
Example
1-32 0 50 20 10 5 0 2 05| 3 |05]3.3]|335| Reference
Example
1-33| 10 0 20 10 5 0 5 30 |180|0.3| 7.5 |24.0 |COmparative
Example
1-34| 10 50 0 10 5 0 5 0.75| 5 [0.6]10.5220| Reference
Example
1-35| 10 50 20 0 5 0 7 05| 3 |0.7]5.1|250]| Reference
Example
1-36| 10 50 20 10 0 0 45 1 | 4 |0.5|12.5|32.0|Comparative
Example
1-37 0 80 0 0 20 0 5 0.75| 7 |1.0]7.7|29.0| Reference
Example
[0216]

From Table 31 and Table 32, it can be seen that, by containing a calcium

aluminate, a sodium silicate and an aluminum sulfate, and preferably further

containing, in addition thereto, a calcium hydroxide, an alum and an alkali

carbonate, the flowability reduction time was short, the setting time was not

delayed and the compression strength was good.

In particular, when an

aluminum sulfate is contained, the setting time was shortened and the short-time

strength was improved.

own appropriate level.
[0217]

It can be seen that the content of each component has its
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"Experimental Example 2"

The same tests as in Experimental Example 1 were carried out except that
sodium silicates having a different molar ratio Si02/Na20 were used as in Table
33. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 33 below.

[0218]
Table 33
S(')q'lium Flowability Setting Time Compression Strength
Test Silicate . (min) (N/mm?)
No. Si04/NasO Rfeductlon Remarks
molar ratio Time (sec) Start End 3 hrs 1day | 28 days
2-1 0.45 2 0.5 2.0 1.1 6.5 23.6 Example
2-2 0.5 2 0.5 1.5 1.7 11.7 31.8 Example
2-3 0.67 2 0.5 1.5 1.8 11.5 31.5 Example
2-4 0.9 2 0.5 1.5 2.0 12.1 31.1 Example
1-5 1.0 2 0.5 1.5 2.1 12.5 31.1 Example
2-5 1.3 3 0.5 1.5 2.0 12.1 30.0 Example
2-6 1.5 3 0.75 2 1.8 10.9 29.9 Example
2-7 2.0 7 0.75 2 1.3 7.1 24.6 Example
[0219]

From Table 33, it can be seen that, by containing a calcium aluminate and
a sodium silicate, the flowability reduction time was short, the setting time was
not delayed and the compression strength was good. It is further known that the
molar ratio of S102/Na20O of sodium silicate has an appropriate numerical range
for expressing better properties.

[0220]
"Experimental Example 3"

The same tests as in Experimental Example 1 were carried out except that
different kinds of sodium silicate hydrate as shown in Table 34 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare

quick-setting mortar, and immediately after preparation, the flowability reduction
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time, the setting time and the compression strength thereof were measured. The

results are shown in Table 34.

[0221]
Table 34
Test Sodium Flowability Setting Time Compression Strength
I\?(S) Silicate Reduction (min) (N/mm?2) Remarks
) Hydrate Time (sec) Start End 3 hrs 1day | 28 days
1-5 Anhydride 2 0.5 1.5 2.1 12.6 31.1 Example
3-1 5-Hydrate 2 0.5 1.5 2.1 12.5 31.1 Example
3-2 9-Hydrate 1 0.5 1.5 2.2 10.4 30.7 Example
[0222]

From Table 34, it is considered that any type of sodium silicate hydrate is
effective for a powdered quick-setting agent.
[0223]

"Experimental Example 4"
(Experimental Example 4-1)

The same tests as in Experimental Example 1 were carried out except that
aluminum sulfate (2) or (3) was used in place of aluminum sulfate (1). The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 35-1.

[0224]

"Materials Used"

Aluminum sulfate (2): aluminum sulfate, 8-hydrate, 99% passed through a sieve
mesh 1.2 mm.

Aluminum sulfate (3): aluminum sulfate, anhydride, 99% passed through a sieve
mesh 1.2 mm.

[0225]
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Table 35-1
Test Aluminum Flowabi'lity Setting Time Compression Strength
No. Sulfate Rfeductlon (min) (N/mm?2) Remarks
Time (sec) Start End 3 hrs 1day | 28 days
4-1 2 2 0.5 1.5 2.5 12.8 32.2 Example
4-2 (3) 5 0.5 1.5 2.6 12.8 32.0 Example
1-5 (1) 2 0.5 1.5 2.1 12.6 31.1 | Example
[0226]

As in Table 35-1, the flowability reduction time was short, the setting time

was not delayed and the compression strength was good even using aluminum

sulfate having a different number of hydrates.

[0227]

(Experimental Example 4-2)

The same tests as in Experimental Example 1 were carried out except that

the blending ratio of aluminum sulfate (1) was changed as in Table 35-2 below.

Except for the blending ratio of aluminum sulfate (1) therein, the powdered

quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

The results are shown in Table 35-2.

[0228]
Table 35-2
Blendmg. Ratio Flowability Settlng Time Compression Strength
Test of Aluminum ) (min) (N/mm?)
No Sulfate (1) R.e duction 28 Remarks
: Time (sec) | Start End 3hrs | 1day
(part) days
1-31 0 3 0.75 4 0.9 | 121 | 82,0 | Comparative
Example
4-1 3 3 0.75 3 1.3 12.6 32.0 Example
4-2 5 3 0.75 3 1.7 12.8 32.0 Example
4-3 7.5 2 0.5 2 2.0 13.1 32.0 Example
4-4 20 2 0.5 1.5 2.1 12.1 32.0 Example
4-5 25 2 0.5 1.0 2.1 12.0 31.0 Example
4-6 30 1 0.5 1.0 2.2 11.0 29.0 Example
1-5 10 2 0.5 1.5 2.1 12.5 31.1 Example
[0229]

As in Table 35-2, it is confirmed that the flowability reduction time is short

and the setting performance and the compression strength change little when the

blending amount of aluminum sulfate (1) is 5 to 25 parts.

[0230]

"Experimental Example 5"
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The same tests as in Experimental Example 1 were carried out except that
different kinds of alum as shown in Table 36 were used. The powdered
quick-setting agent was formulated so as to have the formulation of Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 36.

[0231]

"Materials Used"

Alum a: potassium alum 12-hydrate, commercial product, Blaine 600 cm?/g
Alum b: sodium aluminum sulfate 12-hydrate, commercial product, Blaine 700
cm?/g

Alum c¢: ammonium alum 12-hydrate, commercial product, Blaine 600 cm?/g
Alum d: iron alum 12-hydrate, commercial product, Blaine 600 cm?2/g

Alum e: chromium alum 12-hydrate, commercial product, Blaine 600 cm?2/g
Alum f: potassium alum anhydride, commercial product, Blaine 600 cm?/g
Alum g: ammonium alum anhydride, commercial product, Blaine 700 cm?2/g
Alum h' iron alum mono-hydrate, commercial product, Blaine 600 cm?2/g

Alum i: iron alum anhydride, commercial product, Blaine 700 cm?/g
[0232]

Table 36
Test Kind of Flowabillity Settin,c?r Time Compression Strength
No. Alum Reduction (min) (N/mm?2) Remarks
Time (sec) Start End 3 hrs 1day | 28 days
1-5 a 2 0.5 1.5 2.1 12.5 31.1 Example
5-1 b 3 0.5 1.5 2.1 11.4 31.4 Example
5-2 c 3 0.5 1.5 1.9 9.8 31.1 Example
5-3 d 4 0.75 2 1.7 9.9 30.4 Example
5-4 e 15 0.75 2 1.6 7.6 27.7 Example
5-5 f 2 0.5 1.5 2.0 12.8 32.1 Example
5-6 g 2 0.5 1.5 1.8 9.7 26.5 Example
5-7 h 2 0.5 1.5 1.7 9.3 27.9 Example
5-8 1 2 0.5 1.5 1.7 10.2 28.3 Example
[0233]

As in Table 36, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of

alum. In addition, it can be seen that some types of alum are effective for
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expressing better properties.
[0234]
"Experimental Example 6"

The same tests as in Experimental Example 1 were carried out except that
different kinds of alkali carbonate as shown in Table 37 were used. The
powdered quick-setting agent was formulated so as to have the formulation of
Test No. 1-5.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The
results are shown in Table 37.

[0235]

"Materials Used"

Alkali carbonate A: commercial product, sodium carbonate, Blaine 1200 cm?2/g
Alkali carbonate B commercial product, sodium sesqui-carbonate, Blaine 1400
cm?2/g

Alkali carbonate C commercial product, sodium bicarbonate, Blaine 800 cm2/g
Alkali carbonate D: commercial product, lithium carbonate, Blaine 1000 cm?2/g
Alkali carbonate E: commercial product, potassium carbonate, Blaine 1200 cm?/g
[0236]

Table 37
Test Kind Qf Flowabillity Settin,c?r Time Compression Strength
No. Alkali Reduction (min) (N/mm?2) Remarks
Carbonate | Time (sec) Start End 3 hrs 1day | 28 days
1-5 A 2 0.5 1.5 2.1 12.5 31.1 Example
6-1 B 3 0.5 1.5 1.9 12.1 32.6 Example
6-2 C 3 0.5 2 1.9 10.1 33.3 Example
6-3 D 10 0.75 3 1.5 9.6 28.9 Example
6-4 E 3 0.75 3 2.0 10.7 32.5 Example
[0237]

As in Table 37, the flowability reduction time was short, the setting time
was not delayed and the compression strength was good irrespective of the type of
alkali carbonate. In addition, it can be seen that some types of alkali carbonate
are effective for expressing better properties.

[0238]

"Experimental Example 7"
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The same tests as in Experimental Example 1 were carried out except that
calcium aluminates having a different molar ratio CaO/Al20O3 as in Table 38 were
used. The powdered quick-setting agent was formulated so as to have the
formulation of Test No. 1-5. The calcium aluminates were prepared to have
Blaine of 5500 + 200 cm?2/g.

80 g of the powdered quick-setting agent was added to mortar to prepare
quick-setting mortar, and immediately after preparation, the flowability reduction
time, the setting time and the compression strength thereof were measured. The

results are shown in Table 38.

[0239]
Table 38
Calc?um Flowability Setting Time Compression Strength
Test | Aluminate . (min) (N/mm?)
No. Ca0/ALOs Rgductlon Remarks
molar ratio Time (sec) Start End 3 hrs 1 day 28 days
1-5 2.5 2 0.5 1.5 2.1 12.5 31.1 Example
7-1 1.9 5 0.5 1.5 2.2 13.5 32.3 Example
7-2 2.0 2 0.5 1.5 2.2 13.8 33.1 Example
7-3 2.6 2 0.5 1.5 2.0 12.5 32.9 Example
7-4 3.0 2 0.5 1.5 1.9 12.1 29.7 Example
7-5 3.1 3 1.0 8 1.7 9.2 27.5 Example
[0240]

From the results in Table 38, it can be seen that, when the molar ratio
CaO/Al20s3 in calcium aluminates was 2.0 to 3.0, the flowability reduction time
and the setting time were short and the compression strength was good.

[0241]
"Experimental Example 8"

Concrete of 360 kg of cement, 216 kg of water, 1049 kg of coarse aggregate
and 716 kg of coarse aggregate (No. 6 crushed stone from Himekawa river system
of Niigata prefecture, density 2.67 g/cm3) was prepared. The concrete was
pumped at a rate of 10 m3/h using a concrete pump MKW-25SMT from SHINTEC
Co., Ltd., and on the way, mixed to be a merged stream with compressed air from
a separate system, and pneumatically conveyed. Further, at a point of 3 m before
ejection, a powdered quick-setting agent shown in Table 39 below as mixed to be a
merged stream with the thus-pneumatically conveyed concrete using a conveyer
system DENKA NATMCREAT in such a manner that the agent could be 10 parts
relative to 100 parts of the cement, thereby preparing SPRAY CONCRETE, which
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was then sprayed onto an iron plate through a nozzle tip. The initial strength,
the long-term strength, the rebound ratio, and the crack repairing rate after
spraying are shown in Table 39.

[0242]

The same concrete as in Experimental Example 8 was mixed to be a
merged stream with an ordinary quick-setting agent, DENKA NATMIC TYPE-5
(quick-setting agent No. T-5 containing a calcium aluminate as the main
ingredient and not containing an alkali silicate) that had been pneumatically
conveyed, in such a manner that the agent could be 10 parts (Test No. 8-15)
relative to 100 parts of cement to prepare spray concrete, which was sprayed onto
an iron plate through a nozzle tip. Also similarly, the quick-setting agent No. T-5
was mixed to be a merged stream with concrete that had been pneumatically
conveyed in such a manner that the agent could be 7 parts (Test No. 8-16) relative
to 100 parts of cement to prepare spray concrete, which was sprayed onto an iron
plate through a nozzle tip. The initial strength, the long-term strength, the
rebound ratio, and the crack repairing rate after spraying are shown in Table 39.
[0243]

"Test Methods"
Initial strength:

Sprayed onto a formwork according to JSCE-G561, the pull-out strength of
the sample at a time of a material age of 10 minutes, 3 hours and 1 day was
converted into a compression strength to determine the initial strength thereof.
[0244]

Long-term strength:

Sprayed onto a formwork according to JSCE-F561, JIS A1107, a core of the
sample was collected at a time of a material age of 7 days and 28 days, and the
compression strength thereof was measured.

[0245]
Rebound:

The rebound in spraying for 3 minutes to a simulated tunnel having an
excavation cross-sectional surface of 15 m2 was measured according to JSCE-F563,
and the rebound ratio from the spray concrete used was determined according to
the following expression. The test temperature was 25°C.

[0246]

Expression)
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Rebound Ratio = Amount of dropped spray concrete (kg)/amount of spray concrete
used for spraying (kg) x 100 (%)

The rebound ratio is preferably 20% or less.
[0247]
Crack repairing rate:

Spray concrete was sprayed onto each of two formworks of 10 cm X 10 cm X
40 cm to prepare test bodies. Immediately after preparation, the two test bodies
were fixed, as separated by a clearance of 0.1 mm therebetween in such a manner
that the 40 cm surface could be in parallel to each other, and cured in water at
20°C for 6 months, and the test bodies were observed with a microscope to
determine the repairing rate for the clearance having a width of 0.1 mm.

The crack repairing rate is preferably 50% or more.

[0248]
Table 39
Test No. of Initial Strength Long-Term Strength Crack
Test | Powdered |Rebound (N/mm?) (N/mm?) .
No. |Quick-Setting| (%) Repairing| Remarks
) A 10 min| 3hrs | 1day | 7days | 28 days | Rate (%)
gent
81 1-5 12 1.7 | 25 | 130 | 276 35.3 100 Example
8-2 1-1 14 06 | 23 | 68 26.5 34.4 100 Example
8-3 1-33 52 0 06 | 6.2 20.1 27.0 70 |Comparative
Example
8-4 1-36 75 05 | 1.5 | 80 29.2 30.5 g0 |Comparative
Example
85 2-1 19 05 | 1.9 | 75 20.5 28.3 60 Example
8-6 2-5 15 1.1 | 27 | 133 ] 259 33.3 100 Example
8-7 2-6 23 09 | 22 | 108 | 204 30.4 100 Example
8-8 3-2 14 08 | 23 | 11.3 | 208 31.1 50 Example
8-9 5-4 25 06 | 20 | 89 18.9 27.8 60 Example
8-10 6-2 17 06 | 21 | 101 ] 271 32.6 60 Example
811 6-3 25 05 | 1.9 | 80 25.2 31.1 70 Example
812 7-1 20 1.3 | 2.8 | 140 | 241 31.5 70 Example
813 7-4 18 1.1 | 25 | 13.0 | 242 32.3 70 Example
814 7-5 15 04 | 1.9 | 101 | 231 29.0 70 Example
815| T5 10 pts 29 1.1 | 1.9 | 95 25.6 33.0 10 |Comparative
Example
816 | T5 7 pts 25 06 | 1.5 | 89 25.1 30.0 45  |Comparative
Example
817 1-30 16 1.2 | 25 | 95 29.2 31.3 70 Example
[0249]

As in Table 39, the samples of Examples were good in all the initial

strength, the long-term strength and the crack repairing rate. As Comparative
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Examples, there are known ordinary quick-setting agents of Test No. 8-15 and
Test No. 8-16, but these are poor in improving the crack repairing rate. The
rebound ratio is generally 20% or more, but some comparative samples had a
higher rebound ratio than the general rate. On the other hand, it can be seen
that some quick-setting agents of Examples of the invention have a more
favorable rebound ratio.

Test No. 8-3 has a good crack repairing rate, but has an extremely long
setting time (see Table 31) and is therefore impracticable as a powdered
quick-setting agent of the present invention.

[0250]
"Experimental Example 9"

The same test as in Experimental Example 1 was carried out except that,
in Test No. 1-30, the test temperature was changed from 25°C to 35°C in (Test No.
9-1).

Also the same test as in Experimental Example 1 was carried out except
that, in Test No. 1-37, the test temperature was changed from 25°C to 35°C in
(Test No. 9-2).

The results are shown in Table 40 below.

[0251]
Table 40
Rebound Flowability Settmg Time Compression Strength
Test Test . (min) (N/mm?)
No. Temperature R.e duc(tloI; Remarks
and Result Time (sec Start End 3hrs | 1day | 28days
1-30 25°C, 16% 6 0.75 9 4.1 11.4 33.1 Example
1-37 2500’ 19% 5 0.75 7 1.0 77 29.0 Reference
Example
91 35°C, 18% 6 0.75 9 4.3 10.9 31.9 Example
9-2 35°C, 40% 10 9 30 0.5 A5 293 Reference
Example
[0252]

As in Table 40, the sample of Test No. 9-1 was good all in the rebound, the
initial strength, the long-term strength and the crack repairing rate at a high

temperature.

Industrial Applicability
[0253]
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Using the powdered quick-setting agent of the present invention,
adhesiveness of spray concrete improves and, in addition, even when some cracks
form therein, spray concrete containing the agent exhibits a self-repairing
function. According to the present invention, therefore, a material most suitable

for a water contact environment such as a spring-fed area can be provided.
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CLAIMS

[Claim 1]

A powdered quick-setting agent comprising a calcium aluminate and a
sodium silicate.
[Claim 2]

The powdered quick-setting agent according to claim 1, wherein the molar
ratio of SiOz to Naz0 in the sodium silicate (Si02/Na20) is 0.5 to 1.5.

[Claim 3]

The powdered quick-setting agent according to claim 1 or 2, wherein the
number of hydrates in the sodium silicate is 9 or less.
[Claim 4]

The powdered quick-setting agent according to any one of claims 1 to 3,
wherein the molar ratio of CaO to AlzOs in the calcium aluminate (CaO/Alz0s) is
2.0 to 3.0.

[Claim 5]

The powdered quick-setting agent according to any one of claims 1 to 4,
further comprising at least one selected from the group consisting of an alkali
carbonate, a calcium hydroxide and an alum.

[Claim 6]

The powdered quick-setting agent according to any one of claims 1 to 5,
further comprising at least one selected from the group consisting of an alkali
metal sulfate, an alkaline earth metal sulfate, and an aluminum sulfate.

[Claim 7]

The powdered quick-setting agent according to claim 5 or 6, wherein the
alum is at least one selected from the group consisting of potassium alum, sodium
alum, and ammonium alum.

[Claim 8]

The powdered quick-setting agent according to any one of claims 1 to 7,
comprising the calcium aluminate in an amount of 30 to 80 parts by mass and the
sodium silicate in an amount of 0.5 to 20 parts by mass in 100 parts by mass of the
powdered quick-setting agent.

[Claim 9]
The powdered quick-setting agent according to any one of claims 5 to 8,

comprising the alkali carbonate in an amount of 1 to 20 parts by mass, the
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calcium hydroxide in an amount of 5 to 30 parts by mass and the alum in an
amount of 0.5 to 30 parts by mass in 100 parts by mass of the powdered
quick-setting agent.

[Claim 10]

The powdered quick-setting agent according to any one of claims 6 to 9,
comprising the alkali metal sulfate in an amount of 3 to 25 parts by mass in 100
parts by mass of the powdered quick-setting agent.

[Claim 11]

The powdered quick-setting agent according to any one of claims 6 to 9,
comprising the alkaline earth metal sulfate in an amount of 10 to 60 parts by
mass in 100 parts by mass of the powdered quick-setting agent.

[Claim 12]

The powdered quick-setting agent according to any one of claims 6 to 9,
comprising the aluminum sulfate in an amount of 5 to 25 parts by mass in 100
parts by mass of the powdered quick-setting agent.

[Claim 13]

The powdered quick-setting agent according to any one of claims 6 to 9
and 12, wherein the number of hydrates in the aluminum sulfate is 5 to 18.
[Claim 14]

The powdered quick-setting agent according to any one of claims 6 to 13,
wherein the Blaine's specific surface area of the alkaline earth metal sulfate is
3000 cm?2/g or more.

[Claim 15]

A quick-setting material prepared by blending a powdered quick-setting
agent of any one of claims 1 to 14 in spray mortar or spray concrete.
[Claim 16]

The quick-setting material according to claims 15, wherein the spray
mortar or the spray concrete contains a blast furnace slag.
[Claim 17]

A quick-setting material hardened product of a hardened product of a
quick-setting material of claim 15 or 16, which is such that cracks existing in the
surface thereof and having a maximum width of 0.1 mm are repaired 50% or more
in a water contact environment for at least 6 months.

[Claim 18]

A spraying method, comprising mixing and combining a spray mortar or a
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spray concrete while being conveyed, with a powdered quick-setting agent of any
one of claims 1 to 14 to be a combined stream, and spraying the resultant stream

to a subject to be sprayed therewith.



