
TITLE OF THE INVENTION               GROUTING LIQUID FOR INJECTION INTO A
GROUND                  BACKGROUND OF THE INVENTION   FIELD OF THE
INVENTION      The present invention relates to a suspension-type grouting
liquid for injection into a ground containing, as a main ingredient, slag
or water glass or sodium aluminate in addition to the slag,  or, if
necessary, cement and/or dispersant in addition to said  mixture, and
particularly, to such a suspension-type grouting  liquid for injection into
a ground which shows high strength of  consolidation in spite that it shows
low viscosity and long  gellation time, and moreover, which is excellent in
long duration  strength of consolidation.  DESCRIPTION OF THE PRIOR ART
A water glass-type suspension grout, which is composed of  adding cement
into water glass, is well known in the past. In  this case, if the grout is
adjusted to a long gellation time  for improving the penetrative property,
the strength of  consolidation lowered, and moreover, long duration
strength of  consolidation is also lacked.       Then, the grout of
cement-water glass having low mol ratio   is newly proposed, which is
possible to be adjusted to a long   gellation time.      But, it also shows
the gellation time of merely several  minutes to ten minutes, and thus, the
penetrative property thereof          is not satisfied. Moreover, in this
case, the cement and water  glass can not be satisfactorily mixed, and
thus, the reaction between them is not completely accomplished, and as a
result thereof, the long stabilization of the consolidated material  can
not be obtained in the ground.       Accordingly, it is an object of the
present invention to  provide a grouting liquid for injection into a
ground, which shows high strength of consolidation in spite of having a
long  gellation time and low viscosity, and which is excellent in
penetration property and in long duration strength of consolidation,  and
moreover, which overcomes disadvantages associated with the
above-described prior arts.  SUMMARY OF THE INVENTION      To achieve the
above object, according to the present invention, there is provided a
grouting liquid for injection into  a ground which comprises water glass
having mol ratio of 2.5 or  less and slag, or sodium aluminate having mol
ratio of 10 or more and slag, or, moreover, water glass, sodium aluminate
and slag, or if necessary, cement and/or dispersant in addition to each of
said mixtures.  DESCRIPTION OF THE PREFERRED EMBODIMENTS       The present
invention will be described by way of preferred  embodiments.       The
present grouting liquid comprises slag as a main   ingredient, and is
composed of the following conditions.   1. A grouting liquid for injection
into a ground which comprises                                         3
slag and water glass having mol ratio of 2.5 or less, in which the mol
ratio of the water glass indicates the value of molar concentration of
SiO[err]/molar concentration of Na[err]O in water glass. 2. A grouting
liquid for injection into a ground which comprises slag and sodium
aluminate having mol ratio of 10 or more, in  which the mol ratio of sodium
aluminate represents the value of  molar concentration of Na[err]O/molar
concentration of A[err] 203 in the liquid of sodium aluminate. 3. A
grouting liquid for injection into a ground which comprises slag, water
glass, and sodium aluminate, in which the value of  molar concentration of
SiO[err] in water glass/molar concentration- of total Na[err]0 in water
glass and sodium aluminate shows 2.5 or less. 4. A grouting liquid for
injection into a ground which comprises, if necessary, cement and/or
dispersant in addition to each of said mixtures 1, 2 and 3. 5. A grouting
liquid for injection into a ground, wherein said slag or cement used in
said 1, 2, 3 and 4 is fine grain slag or fine grain cement having,
respectively, specific surface area of preferably 8000cm[err]/g or more.
The amounts of said water glass, slag or sodium aluminate to be used are
respectively variable, and thus, it is very difficult to determine the
amounts, but the rough amounts are determined as follows. 1. Water glass
The amount of water glass to be used is, as molar
4 concentration, 0.3 to 4.0 mol, preferably 0.4 to 2.0 mol of SiO[err] in
10Og of the total blending amounts. 2. Slag      The amount of slag to be
used is 100 to 500g, preferably  200 to 400g in 1000g of total blending
amounts. 3. Sodium aluminate      The sodium aluminate is generally used as
a liquid state. The amount thereof to be used is, as molar ratio, 0.002 to
0.1 mol, preferably, 0.0025 to 0.08 mol of A[err] [err]0[err] in 10OOg of
total blending amounts.      When each of said amounts is out of said
range,  the viscosity  of the obtained liquid becomes high, and as a
result,  the penetrative property becomes inferior, or the gellation time
of the liquid becomes short, or abnormally long, and as a result,  it can
not be completely consolidated to show semi-consolidation state, and
accordingly, the strength of the consolidated material becomes weak.
The functions of the present invention are considered as  follows.       In
the past, the grout of cement-water glass having low mol   ratio is known,
which is possible of prolonging the gellation  time. But, the gellation
time is merely in the range of several  minutes to ten minutes.        The
reason is considered that the amount of CaO in the  cement is larger than
the amount of Si0[err] in the water glass, and  thus, the SiO[err] becomes
easily reactive with the alkali.               On the other hand, however,
in the present invention,  the amount of CaO in slag is smaller than the
amount of the cement, and thus, the reaction of SiO[err] with the alkali is
comparatively slow. And accordingly, it is considered that the present
liquid  is gradually consolidated with a long gellation time, and shows
high consolidation strength.       In addition, if the cement is added into
said present liquid, the self curability resided in the cement is
introduced in the present liquid.      Moreover, in the present invention,
small amounts of the  precipitation will be rarely appeared according to
the blending  ratio. To prevent the precipitation, the dispersant is used
in the present invention to obtain a uniformly consolidated material.
EXAMPLES      The present invention will now be described in more detail
by way of examples,  but is not limited by these examples.  1. Material
used  (1) Slag       The blast furnace slag (Trade name : ESMENT), which is
commercially sold, and the ground slag having the specific  surface area
shown in Table 1, were used.                                       Table 1
slag specific surface area(cm[err]/g)                (1)       3 1 0 0
(not grinding)               (2)              5 5 0 0               (3)
8 1 0 0               (4)            1 1 3 0 0   (2) Sodium aluminate
3 kinds of sodium aluminate shown in Table 2 were used in these examples.
(In the present. invention,  the potassium aluminate also shows the same
result as the sodium aluminate.)                           Table. 2
liquid of         sodium      density   A1[err]0[err]    Na[err]O   mol
aluminate     (20t)      (%)      (%)    ratio              (1)        1.24
4.00    14.00     5.27             (2)        1. 30     3.60    22. 00
10. 05             (3)        1. 33     1.59    22.47   23.25   (3) Water
glass      The water glasses shown in Table 3 were respectively used.
Table 3         water   density    Na[err]O    SiO[err]   mol        glass
(20[err]C)       (%)      (%)     ratio           (1)      1.40      9.32
28.75   3.18          (2)      1.62     14.4    34.7    2.49          (3)
1.74     18.7    35.6    1.97          (4)      1.59     20.0    28.1
1.45   (4) Cement     The most popular portland cement with fine grain,
having  8500cm[err]/g of specific surface area, was used in the examples,
although various kinds of cements, such as alumina cement, portland cement,
slag cement etc., can be used. (5) Dispersant      Trade name : MAITY 150
was used. 2. Blending and results (1) Water glass-slag type      The
blending, gellation time, funnel viscosity, and un- confined compressive
strength of the consolidated grout which is impregnated in water of the
water glass-slag type were shown in Table 4.
[err]               In examples 1 and 2 shown in Table 4. No.3 water glass,
having  3.18 of mol ratio, were used, respectively. It can be understood
from Table 4 that the strength of the consolidated grout is not increased
in spite that the gellation time is short.       In examples 3 to 12 shown
in Table 4, the water glass having  low mol ratio of the present invention
are used, respectively.      It can be understood from Table 4 that when
the mol ratio becomes 2.5 or less, the viscosity is suddenly lowered, and
the strength of the consolidated grout is high in spite that the  gellation
time is long.      Moreover,  it can be understood from Table 4 that the
gellation time of the grout becomes a little shorter, and the  strength of
the grout becomes extremely higher, when the particle  size of the slag
becomes smaller, especially, the specific surface  area of the slag becomes
8000cm[err]/g or more.  (2) Sodium aluminate-slag type       The blending,
gellation time, funnel viscosity, and unconfined   compressive strength of
the consolidated grout which is impregnated   in water of the sodium
aluminate-slag type were shown in Table 5.                    [err]
In examples 13 and 14, sodium aluminate having 5.87 of mol ratio, and
containing small amounts of alkali were used,  respectively.      It can be
understood froom these examples of Table 5 that  the strength of the
consolidated grout shows 20 Kgf/cm[err] or less at the most, in spite that
the gellation time is comparatively short, showing 1 to 2 hours, and the
funnel viscosity is high, showing 1 minute or more.       In examples 15 to
22, sodium aluminate of the present  invention were used, respectively.
It can be understood from these examples of Table 5 that when  the mol
ratio becomes 10 or more, the strength of the consolidated  grout is
extremely high in spite that the gellation time becomes  longer and
viscosity is lowered.      Moreover, it can be understood from examples 17,
18, 21, and  22 of Table 5 that the gellation time of the grout becomes a
little shorter and the viscosity thereof is lowered, and further, the
strength thereof becomes extremely higher, when the particle size of the
slag becomes smaller, especially, the specific surface area of the slag
becomes 8000cm[err]/g or more.  (3) Water glass-sodium aluminate-slag type
The blending, gellation time, funnel viscosity, and unconfined compressive
strength of the consolidated grout which is impregnated in water of the
water glass-sodium aluminate-slag type were shown in Table 6.
[err]                                   13      It can be said from Tables
4 and 5 that the examples 1, 2,  13 and 14, in wihch water glass having
high mol ratio (mol ratio   3.18), or sodium aluminate having low mol ratio
(mol ratio: 5.87)are sepatately mixed with slag, respectively show
unpreferable  results. On the other hand,  it can be said from Tables 4 and
5 that when the water glass having low mol ratio, or sodium aluminate
having high mol ratio are used in the examples, each of them shows
preferable results concerning viscosity, gellation time, and strength,
respectively.      It can be said from examples 27 and 28 on Table 6 that
when both of the water glass having low mol ratio of 2.49 and sodium
aluminate having high mol ratio of 10.05 are mixed with slag in
combination, the obtained examples 27 and 28 show preferable results,
respectively.      But, concerning examples 23 to 26, which are
respectively prepared by mixing the both of water glass having high mol
ratio (mol ratio:3. 18, No. 3 water glass) and sodium aluminate having low
mol ratio (mol ratio: 5.87) with slag, examples 24 to 26 show preferable
results except exampl 23. Thus, it is understood from Table 6 that when
water glass having high mol ratio and sodium aluminate having low mol ratio
are mixed with slag in  combination,  the obtained samples show preferable
results in the case that the rate of the molar concentration of SiO2 in
water glass to the molar concentration of  total Na[err]O in water glass
and sodium aluminate is 2.5 or less (examples 24, 25, 26), and show
unpreferable results in the case that said rate is          more then 2.5
(example 23).      As a conclusion, it is said from Table 6 that when water
glass having high mol ratio and sodium aluminate having low mol ratio, both
of which are commercially sold, are mixed with slag to obtain the present
liquid, the obtained samples show preferable results, if they are satisfied
with the above conditions.      In Table 6, the non-grinding slag having
specific surface area 3100cm[err]/g of and the finely ground slag having
specific surface area of 8100cm[err]/g were used as a slag. It is said from
Table 6 that examples 26 and 28, both, using finely ground slag show lower
viscosity and higher strength though the gellation time is a little short,
compared with examples 25, and 27. (4) Use of cement and dispersant
Example 17 of Table 5 and example 26 of Table 6 were used as the examples.
In these examples,a part of slag was substi- tuted by cement, and moreover,
the dispersant was added there- into to obtain new examples. The test was
carreid out by using these new examples. The results were shown on Table 7.
1 5       [err]               It is shown on table 7 that when a part of
slag is substituted by cement as mentioned above, the viscosity becomes a
little higher, gellation time becomes a little longer, and  the strength is
a little lowered. According, it is understood  from the facts that when the
grout having a long gellation time  wants to be obtained, this sample is
effective. The dispersant acts to prevent the precipitation of ingredients
when the grout  has a long gellation time. Thus, the grout is usually kept
in  homogeneous, suspersion, and as a resulst, the strength of the
consolidated grout is increased.       The effcts of the present grouting
liquid for injection into the a ground are as follows.  1. A mixture of
slag and water glass having mol ratio of 2.5 or lessand a mixture of slag
and sodium aluminate having  mol ratio of 10 or more, respectively, can be
gelled with a long gellation time, keeping low viscosity, and thus, they
are  very excellent in penetration property as suspension-type grouts.
Also, they show very high strength of consolidation in spite that they have
such a long gellation time, and thus. they are expected as a suspension
type grout excellent in endurance.  2. In a mixture of slag and sodium
aluminate, the water glass is not necessary to show mol ratio of 2.5 or
less, and sodium aluminate is not necessary to show mol ratio of 10 or
more.  If the rate of molar concentration of SiO[err] in water glass and
molar concentration of Na[err]O in the mixture of water glass and
sodium aluminate is 2.5 or less, the mixture shows excellent effects same
as afore-mentioned No.l. Accordingly, in this mixture, JIS No.3 water glass
and sodium aluminate having low  mol ratio, which are commercially sold,
can be used.  3. In the mixtures of said No. 1 and 2, the gellation time
can be prolonged by substituting a part of slag with cement.  4. In the
mixtures of said No.1, 2 and 3, the precipitation does not appear by adding
dispersant thereinto, even though  they have a long gellation time. Thus,
the homogeneous and  strong consolidation grout is obtained from the
mixture.  5. The slag and cement to be used are preferably fine grain. The
obtained mixtures show low viscosity and high strength of  consolidation.
Especially, this effect is excellent when they have the specific surface
area of 8000cm[err]/g or more.                                    18
CLAIMS   1.  A suspension-type grouting liquid for injection into a  ground
and comprising water glass in a mol ratio of 2.5 or  less and fine grain
slag having the specific surface area  of 8000cm2/g or more, the mol ratio
of water glass being expressed  as  the  molar  concentration  of
SiO[err]/molar  concentration of Na[err]0.   2.  The grouting liquid as
claimed in claim 1, including fine grain cement and/or dispersant, said
cement having a  specific surface area of 8000cm[err]/g or more.   3.  A
grouting liquid according to claim 1 or 2, including  sodium aluminate.
4.  A grouting liquid according to claim 1,  including cement and/or
dispersant.   5.  A grouting liquid according to any preceding claim,
wherein the slag has a specific surface area of 8000cm2/g or  more.    


