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(57) ABSTRACT 

A reinforcing method of a concrete Structure comprising 
coating or impregnating a Surface portion of the concrete 
Structure with a composition containing (a) a quaternary 
ammonium Silicate in an amount of 5 to 30 parts, in which 
SiO is contained in an amount of 10% to 45% by weight, 
and (b) water in an amount of 95 to 70 parts, on a solid basis, 
wherein (a)+(b)=100 parts by weight, thereby improving 
waterproofness, preventing neutralization, inhibiting chlo 
rine ion permeation, improving resistance to freezing and 
thawing, increasing mechanical Strength, and improving a 
deterioration prevention effect, durability and resistance to 
natural Staining. A reinforced concrete Structure obtained by 
the reinforcing method is also provided. 
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REINFORCING METHOD OF CONCRETE 
STRUCTURE AND REINFORCED CONCRETE 

STRUCTURE OBTANED THEREBY 

FIELD OF THE INVENTION 

0001. The present invention relates to a reinforcing 
method of a concrete Structure, and a reinforced concrete 
Structure obtained by the reinforcing method. More particu 
larly, the present invention relates to a method for improving 
resistance to natural staining (Self-cleaning properties) 
which comprises coating or impregnating a Surface portion 
of a concrete Structure Such as reinforced concrete, including 
a cement Structure Such as a formed article of a cement 
material, a formed plate thereof or a mortar-coated article 
with a specified composition to react it with calcium hydrox 
ide of an ingredient of a cement composition, thereby 
improving density and hardness, preventing carbon dioxide, 
chlorides, nitrogen oxides or Sulfates from invading, pre 
venting deterioration due to freezing and thawing or aggre 
gate reaction, and further imparting hydrophilicity to the 
concrete Structure; and a reinforced concrete Structure thus 
obtained by the method. 
0002 Further, the present invention relates to a method 
for repairing and reinforcing the above-mentioned concrete 
Structure including the cement Structure in a manner Similar 
to the above-mentioned method. 

BACKGROUND OF THE INVENTION 

0003. As one of constructional materials, concrete and 
other cement materials have been well known. Concrete is 
generally a mixture obtained by kneading Portland cement, 
Sand (a fine aggregate) and gravel with water. However, 
when the concrete and other cement materials are dried and 
hardened, cracks are liable to be developed by the difference 
in the coefficient of contraction to cause crazing. Also after 
hardening, various factors induce deterioration to result in 
the occurrence of crazing. The deteriorations of concrete 
Structures and other cement Structures widely known are as 
follows: 

0004 (1) Neutralization of cement alkalis with carbon 
dioxide in the air; 
0005 (2) Erosion due to chlorides, nitrogen oxides, sul 
furic acid and Sulfates, 
0006 (3) Crazing, abnormal expansion, development of 
cracks and collapse by alkali aggregate reaction; and 
0007 (4) Crazing and corrosion of reinforcing steel by 
freezing and thawing. 
0008 AS measures to cope with these problems, there 
have hitherto been employed methods of impregnating the 
Structures with aqueous or alcoholic colloidal Silica, Sodium 
Silicate, potassium Silicate or polymer dispersions, or apply 
ing organic polymer material-containing cement paste 
thereto. However, colloidal silica has the problem that its 
effects are gradually lessened by its effusion because of its 
very weak bonding power and adhesion. Sodium Silicate and 
potassium Silicate are poor in water resistance and acid 
resistance, and the organic polymers have a limitation on 
durability and weather resistance. AS described above, when 
the concrete Structures and the other cement Structures are 
reinforced or repaired, all the conventional methods are not 
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satisfactory in terms of the effect of inhibiting deterioration 
and durability, and excellent reinforced concrete Structures 
have not been obtained yet in the present circumstances. 
0009 Further, the concrete structures and the other 
cement Structures are liable to Suffer natural Staining because 
they are exposed to the open air, outdoors. To Such natural 
Staining, concrete Structures and other cement Structures 
excellent in Self-cleaning properties have been desired. 

SUMMARY OF THE INVENTION 

0010. The present invention has been made against the 
background of the prior-art problems described above, and 
it is an object of the invention to provide a reinforcing 
method of a concrete Structure which can improve the effect 
of inhibiting deterioration and durability by improvement in 
waterproofness, prevention of neutralization, inhibition of 
chlorine ion permeation, improvement in resistance to freez 
ing and thawing, and an increase in mechanical Strength. 
0011) Another object of the invention is to provide a 
reinforced concrete structure obtained by the method 
described above. 

0012. According to the present invention, there is pro 
Vided a reinforcing method of a concrete Structure compris 
ing coating or impregnating a Surface portion of the concrete 
Structure with a composition containing (a) a quaternary 
ammonium Silicate in an amount of 5 to 30 parts, in which 
SiO is contained in an amount of 10% to 45% by weight, 
and (b) water in an amount of 95 to 70 parts, on a solid basis, 
wherein (a)+(b)=100 parts by weight. 
0013 Further, the present invention provides a reinforc 
ing method of a deteriorated concrete Structure, comprising 
coating or impregnating a Surface portion of the deteriorated 
concrete Structure with the above-mentioned composition. 
0014 Still further, according to the present invention, 
there is provided a reinforced concrete Structure obtained by 
the above-mentioned reinforcing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 shows sectional views of concrete samples 
indicating results of a carbonation prevention effect test; 
0016 FIG. 2 shows sectional views of concrete samples 
indicating results of a chlorine ion permeation prevention 
test; and 
0017 FIG. 3 is a graph showing the relationship between 
the number of freezing and thawing cycles and the bending 
Strength of concrete Samples. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0018. The concrete structure of the invention includes not 
only a concrete Structure, but also other cement Structures. 
The other cement Structures include a formed article of a 
cement material, a formed plate thereof or a mortar-coated 
article. 

0019. The quaternary ammonium silicate (a), one ingre 
dient of the composition used in the reinforcing method of 
the invention, is represented by the following general for 
mula: 

(RN).OnSiO, 
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0020 wherein R is an alkyl group having one or more 
carbon atoms, and n is an integer of 1 or more. 
0021 Specific examples of the quaternary ammonium 
Silicates (a) include liquid Silicates Such as dimethyldietha 
nolammonium Silicate, monomethyltripropanol Silicate, 
dimethyldipropanolammonium Silicate and monoethyl 
tripropanolammonium Silicate. These quaternary ammo 
nium Silicates (a) can be easily obtained by (1) a method of 
bringing diluted water glass into contact with hydrogen type 
cation exchange resins, adding quaternary ammonium 
hydroxides to the resulting active Silica Solutions, and con 
centrating the Solutions to a specified concentration, or (2) a 
method of reacting quaternary ammonium hydroxides with 
Silica hydroSols. 
0022 Here, the quaternary ammonium hydroxides are 
usually obtained by a method of adding alkylene oxides to 
ammonia or amines, or a method of deionizing quaternary 
amine Salts with anion exchange resins. However, products 
containing tertiary, Secondary or primary amines in Small 
amounts can be used, and quaternary ammonium Silicates 
obtained using them can also be used in the compositions of 
the invention. 

0023 The quaternary ammonium silicate (a) is required 
to contain SiO in an amount ranging from 10% to 45% by 
weight, preferably from 20% to 30% by weight. Less than 
10% by weight results in too large an amount of the 
composition used, or an increased amount of water to delay 
drying, whereas exceeding 45% by weight unfavorably 
causes weakened adhesion or development of cracks. 
0024. In the method of the invention, the ratio of ingre 
dient (a) is 5 to 30 parts by weight, and preferably 10 to 20 
parts by weight, per 100 parts of the total of ingredients (a) 
and (b) on a Solid basis. Less than 5 parts by weight results 
in too large an amount of the composition used, whereas 
exceeding 30 parts by weight unfavorably causes weakened 
adhesion or poor permeability. 
0025 Water of ingredient (b) employed in the composi 
tion used in the method of the invention is an indispensable 
ingredient as a modifier for the Solid content of the compo 
Sition and a reaction rate regulator. AS the water, there can 
be used tap water, distilled water and ion-exchanged water. 
Water contained in the aqueous Silica Sol comprising the 
quaternary ammonium silicate, ingredient (a), is also 
included. 

0026. The amount of such water (b) is 70 to 95 parts by 
weight, and preferably 75 to 90 parts by weight, based on 
100 parts of the total of ingredients (a) and (b). Less than 70 
parts by weight results in relatively too high a Solid content, 
which weakens adhesion or deteriorates permeability. On 
the other hand, exceeding 95 parts by weight results in too 
low a Solid content, which unfavorably causes failure to 
exhibit the desired performance or leads to too large an 
amount of the composition used. 
0027. The composition used in the invention may contain 
a Surfactant. The Surfactant is an agent having a hydrophilic 
group and a hydrophobic group together, performing Surface 
active functions ((1) adsorption and micelle formation, (2) 
wetting and permeation, and (3) emulsification and decom 
position), and used as a main component of an ordinary 
detergent. AS the Surfactant, all of the ordinary Surfactants 
can be used, and examples thereof include anionic Surfac 
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tants, cationic Surfactants, nonionic Surfactants, amphoteric 
Surfactants and Silicon Surfactants. 

0028. When the surfactant is used, the concentration of 
the surfactant in the composition is preferably 0.1 to 1.0 part 
by weight, and more preferably 0.2 to 0.5 part by weight, 
based on 100 parts by weight of the total of ingredients (a) 
and (b). Less than 0.1 part by weight results in lack of the 
desired performance, whereas exceeding 1.0 part by weight 
unfavorably causes weakened adhesion or delayed reaction. 

0029. The compositions used in the invention may 
optionally contain other additives Such as inorganic pig 
ments, dyes, Synthetic resin emulsions, water-Soluble resins, 
colloidal metal oxides, ethylene glycol and alcohols. 

0030 The compositions used in the invention are pre 
pared by mixing ingredients (a) and (b) and optionally the 
other additives. 

0031. In this case, the compositions used in the invention 
are dispersed with a stirrer or another dispersing apparatus, 
thereby being able to form homogeneous and Stable disper 
Sions. 

0032. In the invention, when the surface portion of the 
concrete Structure is coated or impregnated with the com 
position mainly containing ingredients (a) and (b), the 
composition react with calcium hydroxide of a cement 
ingredient to provide a high-density calcium Silicate layer. 
Therefore, the density and the hardness are significantly 
enhanced to improve permeability and water absorption, So 
that carbon dioxide can be prevented from invading, and 
neutralization caused thereby can be inhibited. Nitrogen 
oxides or Sulfates can also be prevented from invading, and 
erosion caused thereby can be prevented. Further, the reac 
tivity with carbon dioxide is reduced, and the hardneSS and 
the physical Strengths. Such as cleavage Strength can also be 
improved. Furthermore, the performance to freezing and 
thawing is also improved. 

0033. In the case of the deteriorated concrete structure, 
neutralization has progressed. Accordingly, alkalization can 
be accelerated by coating or impregnating the Surface por 
tion of the deteriorated concrete Structure with the compo 
sition of the invention, which is alkaline (the pH is about 11 
to about 12). Then, the density and the hardness are 
improved, and the physical Strengths are recovered to repair 
the concrete Structure. At the same time, further deteriora 
tion can be prevented to reinforce the concrete Structure. 

0034. Such reaction is represented by the following reac 
tion Schemes (1) and (2): 

(1) 

-Si-OH + R-NH -- -Si-O-NHR 

(2) 

-Si-O-NH R + Ca(OH)2 -- 
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-continued 

Si-O-Ca-O-Si- + Rn NH + H2O 

0035) In the above-mentioned reaction schemes (1) and 
(2), R represents an alkyl group having one or more carbon 
atoms, Such as methyl, ethyl and butyl, and n is an integer 
of 1 to 3. 

0036) A surface of the concrete structure to be subjected 
to application of the composition of the invention is coated 
with the composition using a brush, a spray or a roller, or 
immersed therein, preferably in an amount of 40 to 400 g, 
more preferably 50 to 300 g, per square meter. On a solid 
basis, the composition is deposited preferably in an amount 
of 4 to 80 g, more preferably 6 to 50 g per Square meter. 
0037. The composition can also be applied to the surface 
of the concrete Structure in Several parts by coating or 
immersion. LeSS than 4 g on a Solid basis results in the 
difficulty of achieving the desired effects, because of too 
Small an amount of the composition. On the other hand, 
exceeding 80 gunfavorably leads to weakened adhesion or 
pulverization. 
0.038. In the invention, after application of the above 
mentioned composition, drying and hardening are preferably 
conducted at ordinary temperature. Low-temperature heat 
ing treatment or steam treatment can also be carried out. The 
temperature of low-temperature heating is 60 to 120° C., and 
preferably 70 to 100° C. The hardening time is 1 to 3 hours 
at ordinary temperature, and 1 to 30 minutes at a temperature 
of 60 to 120° C. Further, it is possible to increase the 
thickness of the composition layer. 
0039. In the method of the invention, the concrete struc 
ture is one mainly comprising a cement material, and means 
any of Structures obtained by mixing the cement material 
with other ingredients Such as fine aggregates, gravel and 
water as needed. The concrete Structure also includes Struc 
tures obtained from other cement materials. 

0040 According to the method of the invention, newly 
constructed concrete Structures can be reinforced to provide 
the reinforced concrete Structures, and deteriorated concrete 
Structures can also be repaired and reinforced. 
0041. The method of the invention has the marked effects 
Such as (1) improvement in waterproofness, (2) prevention 
of neutralization, (3) inhibition of chlorine ion permeation, 
(4) improvement in resistance to freezing and thawing, and 
(5) an increase in mechanical strength, on the concrete 
Structures, and can greatly contribute to the reinforcement 
and deterioration prevention of the concrete Structures. Fur 
ther, the method of the invention can improve resistance to 
natural staining (Self-cleaning properties) by imparting Sur 
face hydrophilicity to the concrete Structures. Furthermore, 
the present invention gives the great effects as the method 
for repairing and reinforcing deteriorated concrete Struc 
tures, and the industrial and Social Significance thereof is 
very profound. 

0042. The invention will be illustrated with reference to 
examples in more detail below, but the following examples 
are not intended to limit the Scope of the invention. 
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0043 Parts and percentages in the examples and com 
parative examples are on a weight basis, unless otherwise 
Specified. 

Reference Examples 1 to 3 

0044) Three kinds of compositions (A) to (C) shown in 
Table 1 were prepared. 
004.5 Each of the above-mentioned compositions was 
prepared by placing in a stirring tank ingredients (a) and (b) 
and optionally ingredient (c) shown in Table 1, and lightly 
stirring them, followed by filtration. 
0046) Symbols used in Table 1 indicate the following: 
0047 (a-1) Quaternary ammonium silicate, NS-20 (SiO, 
concentration=about 20%), manufactured by KABUSHIKI 
KAISHA NIPPANKENKYUSHO; 

0048 (a-2) Quaternary ammonium silicate, Cas 25 (SiO. 
concentration=about 25%), manufactured by Nissan Chemi 
cal Industries, Ltd., 

0049) (b) Tap water; and 
0050 (c) Nonionic surfactant, trade name: Nonipole, 
manufactured by Sanyo Chemical Industries, Ltd. 

TABLE 1. 

Reference Example 1. 2 3 

Kind of Composition A. B C 
Compounding Formulation 
(parts) 

(a-1) 50 1OO 
(a-2) 60 
(b) 50 40 

Total (parts) 1OO 1OO 1OO 
(c) O.2 0.5 

Reference Example 4 

Preparation of Concrete Samples 

0051 Fifty mortar samples with dimensions of 40 by 40 
by 160 mm were prepared in the following manner. That is 
to Say, commercially available ordinary Portland cement, 
commercially available river Sand (having a size of 5 mm or 
less) as a fine aggregate and water were mixed so as to give 
a weight compounding ratio (cement (C)/water (W)/sand 
(S)) of 1/0.65/2.5, and the resulting mixture was poured into 
a mold, followed by drying and hardening. The mortar thus 
obtained was cured in water at 20° C. for 28 days. 

EXAMPLES 1 TO 3 

0052 Onto the samples obtained as described above, 
compositions A, B and C prepared in Reference Example 1 
to 3 were each applied with a brush as shown in Table 2, 
thereby preparing Samples for evaluation tests. 

Control Example 1 

0053. The samples obtained in Reference Example 4 
were used as control Samples as Such. 
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0054 Water Absorption Test 
0.055 The samples obtained in Examples 1 to 3 and the 
control samples were immersed in water at 20° C. for 1, 3 
and 10 days, respectively, and the water absorption of the 
respective samples was determined from changes in mass. 
Results thereof are shown in Table 2. 

0056. The results shown in Table 2 reveal that the con 
crete Samples of the invention coated with compositions A, 
B and C or immersed therein are lower in water absorption 
than the untreated concrete Samples of Control Example 1. 
0057 Carbonation (Neutralization) Prevention Effect 
Confirming Test 
0.058 For examining the carbonation prevention effect, 
the Samples were placed in a copper vessel, and the vessel 
was filled with carbon dioxide gas (CO). The gas pressure 
was adjusted to 3 kg/cm, and that state was maintained for 
14 hours. Thus, the neutralization-accelerating test of the 
Samples was conducted. After the accelerating test, each 
Sample was broken at right angles to a longitudinal direction. 
The whole Surface of the broken section was coated with a 
phenolphthalein indicator, and an alkalinity-retaining region 
(Ca(OH)) and a carbonated region (CaCO) were examined 
by the presence or absence of changes in color to red. 
0059 FIG. 1 shows sections of the samples cut at right 
angles to a longitudinal direction, and coated with the 
phenolphthalein indicator. A dotted region 1 of the Section 
indicates the alkalinity-retaining region, and a blank region 
2 indicates the carbonated region. In the untreated concrete 
of Control Example 1, neutralization has proceeded to a 
depth of about 12 mm to about 14 mm from the surface. 
Contrarily, in the concrete Samples of Examples 1 to 3, no 
neutralized regions have been observed at all. This reveals 
that the invention has the Significant effect on carbonation 
prevention. 
0060 Test for Confirming Chlorine Ion Permeation Pre 
vention Effect 

0061 The samples were immersed in brine for 1.5 hours 
and 3 hours, respectively, and then, taken out. Each Sample 
was broken at right angles to a longitudinal direction. 
Chlorine ions that permeated from a surface of the broken 
Section were detected, and a brine permeation region was 
examined by the depth where the chlorine ions were 
detected. Silver nitrite and fluorescein were used for the 
detection of the chlorine ions, and a distinction was made by 
a color-changed region. Results thereof are shown in FIG. 
2. FIG. 2 shows Sections of the Samples cut at right angles 
to a longitudinal direction, and coated with Silver nitrite and 
fluorescein to be changed in color. In FIG. 2, a dotted region 
3 indicates a region where no chlorine was detected, and a 
blank region 4 indicates a region where chlorine was 
detected. 

0.062. In the untreated concrete of Control Example 1, it 
was confirmed that chlorine permeated to a depth of about 
15 mm from the Surface 1.5 hours after immersion in brine, 
and to a center of the Section 3 hours after immersion. 
However, in the samples of Examples 1 to 3, no chlorine was 
detected in the Section at all even 3 hours after immersion. 
Further, no chlorine was detected in the Section at all even 
7 days after immersion. This reveals that the method of the 
invention is excellent in the effect of preventing the perme 
ation of chlorine ions. 
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0063) Physical Strength Tests 
0064. For examining the physical strengths of the 
Samples, compressive Strength, Schmidt hammer Strength 
and Surface hardness (micro Vickers hardness) tests were 
conducted. The compressive Strength was evaluated in 
accordance with JIS 1108, the Schmidt hammer strength was 
evaluated in accordance with JSCE G504, and the Surface 
hardness (micro Vickers hardness) was evaluated with a 
micro Vickers hardness tester (equipment name: Scratch 
tester). Results thereof are shown in Table 2. The results 
indicate that all the Samples of Examples 1 to 3 are improved 
in both the Strengths and the Surface hardness, compared 
with the untreated concrete of Control Example 1. 

TABLE 2 

Example Control 

1. 2 3 Example 1 

Preparation of Material 
for Evaluation Test 

Kind of Composition A. B C Not used 
Coating Method Brush Brush Immers 

Double Double ion 
coating Coating 3 hours 

Average Amount Coated O.13 O.14 O16 
(g/cm) 
Evaluation of Water 
Absorption 
Water Absorption (%) 

First Day 3.9 4.0 3.7 7.4 
Second Day 4.0 4.2 3.8 7.5 
Tenth Day 4.1 4.2 3.8 7.5 
Evaluation of Physical 
Strengths 

Compressive Strength 33.6 32.8 33.3 26.4 
(N/mm) 
Schmidt Hammer Strength 34.8 35.2 35.1 28.3 
(N/mm) 
Micro Vickers Hardness 43.0 42.6 43.7 23.5 
(HV) 

0065 Test of Resistance to Freezing and Thawing 
0066. The resistance to freezing and thawing of the 
samples was evaluated by ASTM C666-77. The relationship 
between the number of freezing and thawing cycles and the 
bending strength (kgf/cm) is shown in FIG. 3. In the 
untreated concrete of Control Example 1, the repetition of 
freezing and thawing results in a reduction in bending 
strength. However, all the samples of Examples 1 to 3 of the 
invention are not reduced in bending Strength, even when 
freezing and thawing are repeated. This reveals that the 
Samples of the invention are excellent in resistance to 
freezing and thawing. 

0067 Test of Resistance to Natural Staining 
0068 The concrete samples of Examples 1 to 3 of the 
invention and Control Example 1 were placed on a roof of 
a building along a national road where the traffic is heavy, 
with their coated faces made perpendicular, and allowed to 
Stand and exposed for 120 days to conduct a test of resis 
tance to natural Staining. 
0069. As a result of the test of resistance to natural 
Staining, the concrete Samples of Examples 1 to 3 were 
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Scarcely Stained, compared with the Samples not Subjected to 
the test, and the difference between them was hardly distin 
guishable. On the other hand, the concrete of Control 
Example 1 was apparently Stained, and showed a Spotted 
blackish gray color due to Staining. 

Reference Example 5 

Preparation of Deteriorated Concrete Samples 
0070 Mortar samples with dimensions of 40 by 40 by 
160 mm were prepared in the same manner as with Refer 
ence Example 4 with the exception that the mortar was 
allowed to stand indoors without curing at 20° C. for 28 
days. 

0071. The above-mentioned mortar samples were dried 
by heating in a drying chamber at 100° C. for 6 hours, and 
then, placed in a copper vessel. The vessel was filled with 
carbon dioxide gas (CO), the gas pressure was adjusted to 
3 kg/cm’, and that state was maintained for 14 hours. The 
samples were further immersed in a 0.5% sulfuric acid 
Solution for 24 hours, followed by drying by heating in a 
drying chamber at 100° C. for 6 hours. 

EXAMPLES 4 AND 5 

0.072 Onto the samples obtained in Reference Example 
5, compositions A and B obtained in Reference Example 1 
and 2 were each applied with a brush as shown in Table 3, 
thereby preparing deteriorated concrete Samples for evalu 
ation tests. 

Control Example 2 
0073. The samples obtained in Reference Example 4 
were used as control Samples as Such. 
0074) Physical Strength Test of Deteriorated Concrete 
0075. The deteriorated concrete samples of Examples 4 
and 5 obtained as described above and the untreated dete 
riorated concrete Samples of Control Example 2 were Sub 
jected to the Schmidt hammer Strength test, the needle 
penetration test and the pencil hardneSS test. The needle 
penetration was evaluated using a Mackgauge penetrometer, 
and the pencil hardneSS was evaluated in accordance with 
JIS K-5600. 5. 4 (pencil method). Results thereof are shown 
in Table 3. The samples of Examples 4 and 5 in which the 
deteriorated concrete Samples were coated with the compo 
Sitions of the invention, respectively, are improved in all the 
Strength, needle penetration and hardness, compared with 
the control Samples, which indicates that the compositions 

Jun. 27, 2002 

of the invention can repair and reinforce the deteriorated 
COncrete. 

TABLE 3 

Example Example Control 
4 5 Example 2 

Preparation of Material for Evaluation Test 

Kind of Composition A. B Not used 
Coating Method Brush Brush 

Triple Triple 
coating Coating 

Average Amount Coated O.22 O.25 
(g/cm) 

Evaluation of Physical Strength 

Schmidt Hammer Strength 555 549 412 
(kg/cm) 
Needle Penetration (um) 8 8 27 
Pencil Hardness (H) 9 or 9 or 3-A 

Oe Oe 

What is claimed is: 
1. A reinforcing method of a concrete Structure, compris 

ing coating or impregnating a Surface portion of the concrete 
Structure with a composition containing (a) a quaternary 
ammonium Silicate in an amount of 5 to 30 parts, in which 
SiO is contained in an amount of 10% to 45% by weight, 
and (b) water in an amount of 95 to 70 parts, on a solid basis, 
wherein (a)+(b)=100 parts by weight. 

2. The method according to claim 1, in which said 
quaternary ammonium Silicate is represented by 
(RN). OnSiO2, wherein R is an alkyl group having one or 
more carbon atoms, and n is an integer of 1 or more. 

3. The method according to claim 1 or 2, in which said 
concrete Structure is a deteriorated concrete Structure. 

4. The method according to any one of claims 1 to 3, in 
which said concrete Structure is reinforced concrete or at 
least one cement Structure Selected from the group consist 
ing of a formed article of a cement material, a formed plate 
thereof and a mortar-coated article. 

5. The method according to any one of claims 1 to 4, in 
which after the coating or the impregnation, drying and 
hardening at ordinary temperature, low-temperature heating 
treatment at 60 to 120° C. for 1 to 3 hours, or steam 
treatment is carried out. 

6. A reinforced concrete structure obtained by the method 
according to any one of claims 1 to 5. 


