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GROUTING LIQUID FOR INJBCTION INTO A GROUND ; 

BACKGROUND OF THH INVBNTIUN 

FIBLD OF THB INVBNTION 

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 

g e I I a t i o n t i m e, a n d m o r e o v e r , w h i c h i s e x c e I I e n t i ·n I o n g d u r a t i o n 

strength of consolidation. 

DBSCRIPTION OF THB PRIOR ART 

A water g 1 ass-:- type s us pens i on grout, w·h i ch: i s · composed of 

adding cement into water glass, is wel I known in the past. ln 

this case, if the grout is adjusted to a long gellat1on 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 1s 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 
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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 i·s an object of the pres~nt in•ention 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 ~n long duration strength of consolidation, 

and moreover, which overcomes disadvantages associated with the 

above-described prior arts. 

SUMMARY OF THB INVBNTIDN 

To achieve the above object, actording 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 alumi·nate having m61 ratio of 10 or 

more and slag, or, moreover, water glass, sodium aluminate and 

s 1 a g, o r i f n e c e s. s a r y, c em e n t a n d lo r d i s p e r s a n t i n a d d i t i o n t o e a c h 

of said mixtures. 

DBSCRIPTION OF THB PRBFBRRBD BMBODIMBNTS 

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· 
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s 1 a g and water g 1 ass h a·v i n g mo 1 rat i o of 2. 5 or l es s, 1 n w h i ch 

the mol ratio of the wat~r glass indicates the value of molar 

concentration of Si02/molar concentration of Na20 in water glass. 

2. A grouting liquid for injection into a ground which comprises 

slag and sodium aluminate having mol rat-io of 10 or more, in 

which the mol ratio of sodium aluminate represents the value of 

molar concentration of Na20/molar concentration of Al 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 Si02 in water glass/molar concentration 

of total Na2D in water glass and sodium aluminate shows 2. 5 or 

1 ess. 

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 2/g or more. 

The amounts of said water glass, slag or sodium aluminate 

to be used are respectively variable, and thus, it is v.ery 

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· 
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concentration. 0. 3 to 4. 0 moI. preferably 0. 4 to 2. 0 mol of Si02 

in lOOOg 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 AJI. 203 in lOOOg 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 1 iquid becomes short, or abnormally long, and as a result, 

it can not be completely consolidated to show semi-consolidation 

state, and accord·ingly, the strength of the consolidated material 

becomes weak. 

The functions of the present invention are considered as 

fol lows. 

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· consid~red that the amount of CaO in the 

cement is larger than the amount of Si02 in the water glass, and 

thus. the Si02 becomes easily reactive with the alkali. 
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0 n the other hand, however, in the present i n vent i on, the 

amount of CaO in slag is smaller than the amount of the cement, 

and thus, the reaction of Si02 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 1 iquid. 

Moreover. in the present invention, smal 1 amounts of the 

precipitation will be rarely appeared according to the blending 

ratio. io prevent the precipitation. the dispersant is used in 

the present invention to obtain a uniformly consolidated material. 

BXAMPLBS 

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 

Th e b 1 a s t fu r n a c e s I a g ( T r a d e n am e : BS M B NT) • w h i c h i s 

commercially sold, and the ground slag having the specific 

surface area shown in Table 1. were used. 

tt11111rn111nr 
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Table 1 

slag specific surface area(c~/g) 

(1) 3 1 a o (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 Al203 Na2D mol 
aluminate (20 °C) (%) (%) ratio 

(1) 1. 24 4. 00 14. 00 5. 27 

(2) 1. 30 3. 6 0 22. 00 10. 0 5 

(3) 1. 33 1. 59 22. 4 7 23. 2 5 

(3) Water glass 

The water glasses shown in Table 3 were respectiveJy used. 
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Table 3 

water density Na20 Si02 mol 
glass (20"C) (%) (%) ratio 

I 

(1) 1. 40 9. 32 28. 7 5 3. 18 

(2). .1. 62 14. 4 34. 7 2. 49 

(3) 1. 7 4 18. 7 35. 6 1. 97 

(4) 1. 59 20. 0 2 8. 1 1. 45 

(4) Cement 

The most popular portland cement with fine grain, having 

8500cm 2/g of specific surface area, was used in the examples, 

although various kinds of cements, such as alumina cement, 

port land 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. 

ttu111m1r11nr 



Table 4 

blending 

example water glass 
. ' . slag 

No. 
No. in Table 3 {g) No. in Table 1 (g) 

( 1) ( 2) ( 3) ( 4) ( 1) (. 2) ( 3) 

1 1 7 'O - - - 2 7 0 - -

2 1.7 0 -· - - - - - -

3 - 1 7 0 - - 2 7 0 - -

4 - 1 7 0 - - - 2 7 0 -

5 - 1 7 0 - - =1= 2 7 0 

6 - 1 7 0 - -- -
~ I . 

7 - - 1 7 0 -:2~- -
t .. --

8 - - l 7 0 _j_ -·- 2·7 0 . . 
I 

9 
: I 

- - - 170:270·-·-
i 

1 0 - ·- - 170 ~ - 2 7 0 -
I 

1 1 
' I 2 7 0 - - - 170!-1-
! I 

1 2 - - - 1701-i- -i . 

funnel 
viscosity 

water after IO 
(g) min. (sec.) 

( 4) 

- 5 6 0 gelation 

2 7 0 5 6 0 gelation 

- 5 6 0 4 5 

-1560 4 1 

- 1560 
I 3 4 
l 

2 7 0 ! 5 6 0 3 0 
• 
I 

- : 56 0 3 2 

- 5 6 0 2 6 

- 5 6 0 3 0 I 

- 5 6 0 2 7 

- : 5 60 2 I 

2 7 0 I 5 6 0 
I 

2 0 

gelat"ion 
time 

{min.) 

2 

1.3 

3 0 

2 7 

2 5 

2 2 

6 0 

4 8 

7 7 

7 0 

6 6 

6 1 

impregnation in 
water 
unconfined 
compressive 
strength (kgf /cm2) 

7 days 30 days 

5.6 6.9 

6.2 7.4 

2 9. 8 3 2. 7 

3 1. 0 3 3.1 

3 5 .1 3 8. 0 

.3 7. 4 I 4 o. 7 

3 3. 5 3 6. 0 

3 9. 7 4 2. 0 

. 3 7. 0 3 9. 0 

I 3 a. 6 4 1. 5 

4 4. 8 I 4 I. 2 
I 

1 4. 1. 1 4 5 .1 

(Temp. 20± 1 t) 

-..J 
)> 
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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 sh-own in Table 4; the water glass having 

low mol ratio of the present invention are used, respectivel1. 

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 2 /g or more. 

(2) Sodium aluminate-slag type 

The blending, gellation time, funnel viscosity, ind unconfined 

compressive strength of the consolidated grout which is impregnated 

in water of the sodium aluminate-slag type were shown in Table 5. 

iilfi1Mr 



Table 5 

blending 

example sodium aluminate sl~g 
Nn 

Nn in Table 2 (g) Nn in Table 1 (g) 
. ' . 

( 1) ( 2) ( 3) ( 1) ( 2) ( 3) ( 4) 

1 3 1 4 0 - - 3 7 0 - - -

1 4 1 4 0 - - - - - 3 7 0 

1 5 - 1 4 0 - 3 7 0 - - -

1 6 - 1 4 0 -- - 3 7 0 - -

I 
1 7 - 14 QI - - - 3 7 0 -

-·--· 
1 8 - 1 4 0 - - - - 3 7 0 

1 9 - -114 0 3 7 0 - .--1-
2 0 - -- i 1 4 0 -,370--.-I 
2 1 - -. 114 0 __ --r70 _ 
2 2 - - I 14 0 --1- ~- 370 

funnel 
viscosity gelation 

water after 10 time 
(g) min. (sec.) (hour) 

4 9 0 I a··o 1.5 

4 9 0 8 0 1. 2 

4 9 0 4 3 7 

4 9 0 3 9 6 

4 9 0 3 3 4 

4 9 0 3 0 3 

4 9 0 2 9 9 

4 9 0 2 6 B 

4 9 0 2 1 7 

4 9 0 1 8 6 

impregnation in 
water 
unconfined 
compressive 
strength (kgf /cm2) 

7 days 30 days 

1 0. 1 1 6. 5 

1 3. 2 1 9. 9 

2 1. 5 2 4. 1 

2 3. 2 2 6. 6 

2 6. 3 2 9. 5 

2 8. 0 a i. a 
I 

2 7. 7 I 3 2. o 
3 0. 1 I 3 4. 9 

3 8. 8 4 3. 0 

4 0. 4 4 5. 7 

(Temp. 20± 1 °C) 

co ' 
)> 
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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 ~trength of the consolidated grout shows 20 Kgf/cm 2 oi less· 

at the most. in spite that the gellation time is comparative1y 

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 2 /g or more. 

(3) Water glass-sodium aluminate-slag type 

The blending, gellation time, funnel viscosity, aR-d 

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. 



example 
No. 

2 3 

2 4 

2 5 

2 6 

2 7 

2 8 

--;1 
& iii;;;· 
!'!!!! z r;'.l 
~=­.:::. -== g 
s --=- if == -"' 
- CD 
- l'D 

- .§! 
~ mm _iii" 

~ a 

water glass 

No. in Table 3 (g) 

c n I ( 2) 

1 4 5 -

1 3 6 -

1 0 2 -

1 0 2 -

- 1 4 5 

- 1 4 5 

Table 6 

blending 

sodium aluminate slag 

No.·. in Table 2 (g) No. in Table 1 (g) 

( 1) ( 2) ( 1) . (3) 

2 1 - 2 B 5 -

2 8 - 2 9 0 -

5 6 - 3 1 0 -
. ~ . 

5 6 - - 3 1 0 
. 

- 2 1 2 B 5 -
-·-· 

- 2 1 -· 2 8 5 

funnel 
molar viscosity 
cocentration after 10 

water rate min. (sec.) 
(g) (Si02) 

[Na 2 OJ 

5 4 9 2. 62• 7 6 

5 4 6 2. 4 3 4 0 

2 3 2 . 1. 7 5 4 2 

2 3 2 1. 7 5 3 2 

5 4 9 2.04 3 8 

5 4 9 2.04 3 0 

~elation 
time 

(min.) 

J 7 

4 3 

6 0 

5 0 

7 0 

5 5 

impregnation in 
water 
unconfined 
compressive 
strength (kgf /cm2) 

7 days 3'0 days 

8.1 1 0. 9 

2 3. 8 3 0. 51 

2 8. 7 3 6. 0 

2 9. 7 4 0. 0 

2 6. 9 3 5. 4 

2 8. 0 38. 8 

(Temp. 20± 1 "C) 

c.c 
> 
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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 ~nd 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 botb of water glass ha~ing high mol rAti~ 
.. 

{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 ex-ampl 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 resu{ts in 

the case that the rate of the molar concentration of Si02 in 

water glass to the molar concentration of. total Na20 in wat~r 

glass and sodium aluminate is 2. 5 or less (examples 24. 25. 26), 

and show unpreferable results in the case that said rate is 
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more then 2. 5 (ex amp 1 e 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 2 /g of and the finely ground slag having 

specific surface area of 8100cm 2 /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 

Bxample 1.7 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. 

lii1im~1r 



Table 7 

blending impregnation in 
funnel water 

water glass sodium slag viscosity gelation unconfined 
example aluminate cement dispersant water after 10 time compressive 

No. min. (sec.) (hour) strength (kgf /cm2) 

No. in Table 3 No. in Table 2 No. in Table 1 (g) (g) (g) 
(g) (g) (g) 7 days 30 days 

2 9 1 4 0 3 0 0 7 0 - 4 9 0 
.. 

38 4.5 2 4. 6 2 7. 5 
(2) (3) 

3 0 1 4 0 3 0 0 7 0 1 0 4 8 0 4 1 4.2 2 5. 2 2 9. 0 !-;' 
1-~ 

- 3 1 1 0 2 5 6 2 5 0 6 0 - 5 3 2 3 9 1. 3 2 7. 5 3 6. 0 > 
(1) (1) (3) 

3 2 1 0 2. 5 6 2 5 0 6 0 1 0 5 2 2 4 4 1.1 2 8. 3 3 9 .1 
-

(Temp. 20± 1 "C) 

_Sl 
- t;· 
- C'-1 g-
---=n ---~:c 
- _81 

-tt1 -n ~s - -~ =m-
g_ 
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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 gellatiorr 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. ihus, 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 less, and 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 viscositj, 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 wateF 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 Si02 1n water glass and 

molar concentration of Na20 in the mixture of water glass and 
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sodium aluminate is 2. 5 or less, the mixture shows excel lent 

effects same as afdfe-mentioned No.1. Accordingly, in this 

mixture, JIS No. 3 water glass and sodium aluminate having low 

mol ratio, which are commercially sold, can be used. 

3. . I n the m i x tu-res of s a i d . No. 1 and 2, the g e 1 1 at i on t i me · can 

be prolonged by sub~tituting a part of slag with cement. 

4. I n the m i x tu res of said No. 1. 2 and 3, the pre c i p i ta t'i on 

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. Bspecially, this effect is excellent when they 

have the specific surface area of 8000cm 2 /g or more. 
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What is claimed is: 

1. A suspension-type grouting liquid for injection into a ground 

. which comprises water glass having mol ratio of 2. 5 or less and 

slag, in which the mol ratio of water glass shows molar concent­

ration of Si02/molar conc~ntration pf N~20. 

2. The grouting liquid as claimed in claim 1. wherein cemerit and 

/or dispersant are further added into said .grouting liquid. 

3. The grouting liquid as claimed in claim 1. wherein said slag 

is fine grain having the specific surface area of 8000cm 2 /g or 

more. 

4. The grouting liquid as claimed in claim 2. wherein said cement 

is fine grain having the specific surface area of 8000cm 2 /g or 

mare. 

5. A suspension-type liquid for injection into a ground which 

comprises sodium aluminate having mol ratio of 10 or more 

and slag, io· which the mol ra.tio ·of s·odium ?-luminate shows mol" 

ar concentration of Na20/malar concentration of AJ 203. 

6. ihe grouting I iquid as claimed in clai·ur 5. wherein cement 

and/or dispersant are further added into said grouting liquid. 

7. The grouting liquid as claimed in claim 5, wherein said slag 

is fine grain having the specific surface area of 8000cm 2 /g or 

more. 

8. T.he grouting liquid as claimed in claim 6. wherein said cement 

is fine grain having the specific surface area of 8000cm 2 /g or 

mor.e. 

9. A su~pension-type liquid for injection into a ground which 
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compr 1 ses water g I ass, sodium a I um i na te a/nd s I ag, in which the 

value of molar tbncentration of Si02 in ~he water· glass/total ·· 

molar concentration of Na20 in the waier glass and sodium 

aluminate is 2. 5 or less . 

. 10. ·The grouting I iquid 1i"s claimed in iclaim 9, wherein cement 
. . 

and I a r d i s per s ant are further added _. i n to s a i d grout i n g l ·i q u i d. 

11. The grouting liquid as claimed fn claim 9. wherein said s)ag 

is fine grain having the specific surface area of 8000cm 2 /g or 

more. 

12. The grouting liquid as claimed in claim 10, wherein said 

cement is fine grain having the specific surface area of 

8000cm 2 /g or more. 


