4 NVENTI ON GROUTI NG LI QUI D ror R0R306rS
| NTO A GRCUND S ' BACKGROUND COF THE INVENTICN1$EKLEE§$E/THE
| NVENTI ON The present invention relates to a water glass-type grbuting
liquid fex injection into a ground, used for consolidating the ground, and
particularly, such a grouting liquid which is easy for controlling a
.gel ation tine fromshort tinme to Iong time, and shows high strength after
the consolidati-on in spite that thé toncentration of the water glass is
conpar.atively Low, and noreover, is excellent in penetration, watertight
and durability. DESCRIPTIQ / In the past, a water
gl ass-type grouting liquid 3 a ground is well known,
whi ch conprises water glass and sodlun1alun1nate reactant (see the Japanese

Patent Publication No. 253304 | 1quiD FOR - INJECTION
| INTO A GROUND

BACKGROUND OF THE INVENTION

RILBD OF THE INVENTION

The present invention relates to a water glass-type grouting

liquid for injection into a ground, used for consolidating the
ground, and particularly, such a grouting liquid which is easy
for controlling a gelation time from short time to long time,
and ehows high strength after the consolidation in spite that
the concentration of the watér glass is comparatively low, and

moreover, is excellent in penetration, watertight and durahility.

DESCRIPTION OF THE PRIOR ART

In the past, a water glass-type grouting liquid for injec-

tion into a ground is well known, which comprises water glass and
sodfum aleminate reactant (see the Japanese Patent Publicatian No.
26-6630). |

In said grouting liquid, the viscosity must be decreased,
and moreover, the gelation time must He elongated for improving
the penetration thereof. And also, the concentration of water
glass must be lowered for decreasing said viscosity, and the amount
of sodium aluminate reactant must be lowered for elongating said
gelation time,

This causes at the same time that the consolidation strength



In said grouting liquid, the viscosity nust be decreased, and noreover, the
gelation tine nust be el ongated for inproving the penetration thereof. And
al.so, the concentration of water glass nust be |l owered for decreasing said
viscosity, and the amount of sodium alum nate reactant nmust be |owered for
el'ongati ng said gelation tine. This causes at the sanme tine that the
.consolidation strength of the liquidis extrenely |owered, and
unreacted water. glass .is dessolved fromthe consolidated gel, and thereby
the gel is shrinked to give rise to" @nonous syneresis As a result, the

AR L HA O PRSI N R e e PR
o i t jess8iggg ¥eop thelsdnsolddatat ﬁ?pgkégdg ety B (Spec'f'c
N R bl 30 v 1S L3, R 0Pl By o
water-tightness and durability of the gel are weakened.
Moreover, in the past, a grouting liquid containing 50~
30 vol.¥% of water glass (specific gravity : 1.42) and 5~15
vol.% of sodium aluminate (specific gravity : 1.39) is also
known (see the Japanese Patent Publication No.44-28535). Also,
in the past, 2 grouting iiquid comprising water glass{ sodium
aluminate and water-soluble aliphatic aldehydes (see the Japanese
Patent Publication No.54-22687), a grouting liquid containing
phosphates, or alkaline aluminates (see the Japanese Patent
Publication No.56-129289) and a grouting liquid containing cement,
malic ﬁcid, gluconic acid, etc. (see the Japanese Patent Pubication
No. 53-62689) are known.
However, these known groutiqg'liquids are respectively not
enough to adjusf a gelation time thrbugh a brood range from
instant to moderate, to obtain high conselidated strength, and
to improve water-tightness and durability.
Accordingly, it is an object of the present invention to
provide a grouting liquid for injebtinn into a ground, in which
it is easy for controlling a gelation time from short or instant |
time to long or moderate time, it shows high consolidation strength
in spite that the concentration of the water glass is comparative-
ly low, and it is excellent in penetration, water-tightness and

durability, an in which the disadvantages associated with the
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Pat ent Publication No.54-22687), a grouting |iquid containing phosphates,
or al kaline alum nates -(see the Japanese Patent Publication No.56-129289)
and a grouting liquid containing cenent, malic acid, gluconic acid, etc.
“(see the®Yapanese Patent Pubication No.59-62689) are known. However,
; these known grouting liquids are respectively not enough to adjust a
gelation tine through a brood range frominstant to noderate, to obtain
high consolidated strength, and to_gprove water-tightness and durability.
Accordingly, it is an object of the present invention to provide a grouting
liquid for injection into a ground, in which it is easy for controlling a
gel ati ey fJ rde: i i ' | ong or noderate tinme, it
shows %{Egtﬁeg?ﬁs%ﬁquﬁqjﬁf lg{rr earr}sttgt ﬂﬂiten @péllifce&“ﬁiat t he concentration of the
water glass is conparative- |y low, and it is excellent in penetration,

wat.er-tsimArﬁssﬂpaqq{BjL{rmN-‘%ltw an in which the di sadvant ages associj at ed

with the

Ta achieve the above object, according to the present
invention, there is provided a grouting liquid for injection

into a ground which comprises ingredients of water glass, alkali

metal salt of aluminates and aluminium salt which shows acid by

hydrolysis, and especially said ingredients being satisfied with

the following conditions of (1) ‘to ().

(1) The mol ratio of said water glass. is 2.8 or more,

(2) The Si0. concentration of said water glass is 5 to § weight/
volume % of the whole liquid. -

(3) The total AZ .0s amounts in the alkali metal salt of aluminates,
and the aluminium salt which shows ac@d by hydrolysis are 0.5
to 1.6 weight/volume of the whole liquid. |

(4) The.value of the AZ 20, amounts in the alkali metal salt of
aluminates/the A2 20, amountsiin the aluminium salt which shows
acid Ey hydrolysis exceeds 3.0.

(5) The value of the AZ .0. amounts in the alkali metal salt of
aluminates+the AZ 20, amounts in the aluminium salt which
shows acid by hydrolysis/Si0. amounts in the water glassX

100 is in the range from T to 259%.

BRIBF DBSCRIPTION OF THE DRAWING

Fig.1 is a graph illustrating the relationship between
sodium aluminate solution(ml) and gelation time(min.) contcerning

examples Nos.1 to 5 and comperative examples Nos.1 to 5 in Table
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-3- above-described prior art are overcone. SUWARY OF THE | NVENTI ON

To achi eve the above object, according to the present invention, there is

provided a grouting liquid for injection into a ground which conprises

i ngredi emts of water glass, alkali nmetal salt of alum nates and al um ni um
salt which shows acid by hydrolysis, and especially said ingredients being
satisfied with the follow ng conditions of (1) to (5). (1) The nol ratio

‘of said water glass is 2.8 or nore. (2) The Si @ concentration of said

water glass is-5 to 9 weight/ Vol ume- % of the whole liquid. (3) The
total Alerr] [err]O[err] ampbunts in the alkali metal salt of alum nates,
and the alum nium salt which shows acid by hydrolysis are 0.5 to 1.6
wei ght /vol ume of the whole liquid. (4)4Fhe value of the Alerr] [err]O[err]
anounts in the alkali netal salt of alum nates/the Alerr] [err]O[err]
amount JASTH I FAMNG i PRE SPREFRRRED BWBABIMENTSaci . d by hydrolysis exceeds
3.0. ¢ evatue of the Aerrif{errioferri anounts in the alkali neta
sal t of 1%%ﬁ@@é@ﬁﬂﬁhenﬁeﬁrhi@rnLOBeéehaa@unyst bheﬁablﬂerﬁedm
salt which shows acid by hydrolysis/SigJerr] anmounts in the water

gl ass Xgmbodiments in connection with the accompanying drawing.

The water glass used in the present invention has a mol
ratio of 2.8 or more, and Sil. concentration of 5 to 9 weight/
volume %, preferably 6 to 8 weight/volume ¥ of the whole liquid,
When the mol ratio is below 2.8; the consolidatidn strength.is not
enough, Moreover, when the Si0. concentration is below 5 weight/
volume ¥, the gelation time becomes too long, and thus, the
adjuétment of short gelation time becomes impossible, and aiso,
the consolidation strength becomes lower. When the Sil.
concentration exceeds 9 weight/volume %, the gelation time
becomes too short, -and thus, the adjustment of long gelation
time becqmes impossible, and also, the consolidation strength
becomes lower,

The alkali metal salt of aluminates used in the present
invention is a reactant or hardener of the water glass, and is
exemplarily designated as sodium aluminate, potassium aluminate
ete.. _

Moreover, the aluminium salt which shows acid by hydrolysis
acfs as an assistant material for said alkali salt of aluminates,
and is very characteristic ingredient of the present invention,
Hereinafter, the ingredient is shown as “acidic aluminates.”

The acidic aluminates shows acid by hydrolysis, and are

exemplarily shown as aluminium sulfate (AZ£ 2(S04)0s), aluminigg



100 is in the range from7 to 25% BRI EF DESCRI PTI ON OF THE DRAW NG
Fig.1is a graph illustrating the relationship between sodium alum nate
solution(m) and gelation time(mn.) concerning exanples Nos.1 to 5 and
conper at imve exanples Nos.1 to 5 in Table 2 -

- -4; DESCRI PTI ON OF THE PREPERRED EMBODI MENTS The'present I nvention
w Il be described by way of preferred enbodi nents in connection with the
acconpanyi ng draw ng. The water glass used in the present invention

has a.nmol ratipo of 2.8 or nore, and Si.Jerr] concentration of 5 to 9
wei ght/ volume % preferably 6 to 8 ‘\'Nesl ght/vol une % of the whole Iiquid.
Wren thehtotidat (H 4 E1bk] onldminiuhenitnaoki dAtd ¢llsh sengat uns satch
as KaSOa+ AL 2(S04)s - 24H20), anmonium alum, sodium alum, etc,.
The amounts of said three ingredients of water glass, alkali
metal salt of aluminates and acidic aluminates are preferably,

the amounts of satisfying the following three conditions of (a)

to (c) at the same time.

(2) The total AZ .05 amounts in the alkali metal saliuof aluminates
and acidic aluminates are in the ranée of 0.5 to 1.6 weight/
volume % of the whole liquih. When the amounts are below (.5
weight/volume %, the gelation time exceeds 24 hours, and -thus,
the adjustment of short gelation time becomes difficult, and
‘also, the consolidation strength becomes lower. Moreover,
in case of exceeding the amounts of 1.6 weight/volume %,
an instant curing occurs, and thus, the adjustment of long
gelation time becomes difficult, and also, the consolidation
strength becomes lower, ‘ _

(b) The value of A£ 20s amount (weight) in the alkali metal
salt of aluminates/the Aﬂ 203 amounts (weight) in the acidic
aluminates is over 3.0, preferably in the range of 3 to 10.
Bven if the value exceeds 10, any special advantages are not
expected, or there occurs a tendency of slight decreasing of
the consolidation strength,

(c) The value of deviding the sum of A2 .0; amounts in the alkali
metal salt of aluminates and A£ .0s amounts in the acidic
aluminates by Si0: amounts of the water glass, and multiplied

by 100 is in the range of T to 25%. When the value is helow

-
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enough. Mreover, when the SiJerr] concentration is below 5 weight/ vol une
% the gelation tine becones too long, and thus, the adjustnment of short
gelation time becones inpossible, and also, the consolidation strength
becones lower. Wien the SiJerr] concentration exceeds 9 wei-ght/vol unme %

- the gelation time becones too short, and thus, the adjustment of |ong

‘gel ation time becones inpossible, and al so, the consolidation strength

becomes | ower.. The al kali metal salt of alumnates used in the present
invention is a reactant or hardener of_ghe water glass, and is exenplarily
desi gnated as sodi um al um nate, "potassi um al um nate etc. Mor eover ,

el u g, S5hb WD 310 g3k Rk 96 Rk, 250, T, LA
o et g A RPLSIR ST g R R SR 4 YR
hydrol vt s, cAlgod’Bar VIFTRAT R S HDAY YoWELT WDV KdPride
value exceeds 25%, the gelation time becomes too short, and
thus, the adjustment of long gelation time becomes difficult,

As mentioned above, the preseht_grouting liquid for injection
into a ground is composed by 6ontaining-jngredients of water
glass, an alkali metal salt of aluminates, and an acidic aluminates,
And thus, it is easy for controlling or adjusting a gelation
time from a short or instant time to a long or moderate time,
shups high consolidaticn strgngth, And'ﬁoreover is excellent
in penetration, watertightness and durability.

Thesé facts are supported by the following functiocns., In
general, the grout cﬁmposed of water glass and an alkali metal
salt of aluminates shows a short gelation time, and is especially
difficult of adjusting gelation time in summer season, and
moreover shows enomous syneresis and weak consolidation strength,

On the other hand, however, the grout of the present invention
composed of water glass, an alkali metal salt of aluminates and
an acidic aluminates shows buffering action, and thereby obtains
slow and moderate gelation time, and becomes excellent in
penetratxon. Moreover, it is considered that the acidic alum1nates
show acidity in the liquid, to thereby neutralize the alkali of

the water glass, stop the occurrence of syneresis, and improve the
consolidation strength.

EXAMPLBS



chloride (Alerr] dJferr]), alumniumnitrate (Alerr] (NJerr])[err]), aluns
such as Klerr]SOerr] -Alerr] [err] (SOerr]) 24H err] O . ammoni um al um
sodi um alum etc.. The amounts of said three ingredients of water

. glass, al#ali nmetal salt of alum nates and acidic alumnates are
~preferably, the anmounts of satisfying the followi ng three conditions of (a)
to (c) at the sane tine. (a) The total Alerr] [err](err] anpunts in the

al kali metal salt of alum nates and acidic alum nates are in the range
of 0.5 to 1.6 weight/ vol ume % af 7t he whole |iquid. Wen the anmounts
are below 0.5 wei ght/volune % the gelation tinme exceeds 24 hours, and

t hus, th?hédbyééaﬁﬂtleﬁeﬁh?gh 9?h¥th9PObb”Be§99?EB§ dinf fio%d Wetand

al so, the consolidation strength becones wer. Moreover, i n case of
exceedi gg &gﬁ @FDHQEﬁpPEsl éuvehehhbvohwm?t%% by tﬂ@sbn%kaﬁbl@%rlng occurs,
and t hus; e adj ustnent of long gelation time becomes difficult, and
also tpe QEEPHE aykep strength becones |lower. (b) The value of Alerr]

[e ght) in the alkali netal salt of alum nates/the ..

A[err] k @;r% gﬁgunts (weight) in the acidic alum nates is over
3.0. pre era e range of 3 to 10. Even if the val ue exceeds 10,

any speci al ?HY%t R9fas26¢ Rater gla@%RACEAGwnONint TALY 0QCWeT e dsiplency of
slight decreasing o

These water glasses respectively show different mol ratio,

Table 1
Water glass | density(20%) | Si02(%) | Na20 (%) | mol ratio
Mo 1 1.3 2 25,5 7. 0 .75
No. 2 1.3 89 29.0 10.4 2.8 9
No. 3 1.6 0 34.7 14. 2 2.5 3

(2) Alkali metal salts of aluminates

Soﬂium aluminate containing 19.3% of A£ .05 and having a
density of 1,468 was used.
(3) Acidic aluminates

Aluminium sulfate having a density of 1.273, and containing
8.1% of AL .05 was used,
2. Blending

The water solutions of the water glass shown in Table ] were
prepared as liquid A as shown in Table 2, and water solutions of
mixtures of sodium aluminate and aluminium sulfate were prepared
as liquid B as shown in Table 2., Concerning mixtures of liquids
A and B, gelation times and unconfined compressive strengths of
sand gel of Toyoura standard sénd were determined. The results

of the determination were shown in Table 2. In Table 2, the
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t he consolidation strength. (c) The value of deviding the sumof Alerr]

[err]T err] ambunts in-the alkali netal salt of alumnates and Alerr]
[err]d err] anounts in the acidic alum nates by Siderr] anmounts of
the watewm-glass, and nultiplied by 100 is in the range-of 7 t0 25%
VWen the value is bel ow 7% the gelation tine becones too

| ong, and thus, the adjust- ment of short gelation tinme becones
difficult, and.al so, the consolidation strength becones | ower. Moreover,
when the val ue exceeds 25% the gelation tinme becomes too short, and

t hus, the adjustnment of |ong gel ati8on time becones difficult. As

ment i oned, apove, . the p n routing lLiquid_ far inj iLOR _i nt greund is
conpos bﬁpb%ﬁtgf%Fﬁg&?ﬁgrgaggﬁﬁén88 ¢At§FgaF§§§F@a§§§PkaFiRﬁi#?ﬁ gglt of

o um oo g 804110, Kb, LM A0 Bngat h0hS o oh 58" K B b ™
o penet e heBinedalE, FEERrABBES i thr RoPerRRE Of FASLTREC Ao I B S ' o™
compressive strength of soil”, Also, in Table 2, W/V¥ means

weight/volume §.



.a._ 1 Xd

!| THIS SHEET HAS BEEN Table 2
- BEPIACED } _ — i .

. g exanples Yiguid A -~“==(5000tF liquid B (50Qnl) composition of A, B mixture character of A B mixture
Japae e [t o [0, T e 30 e T T e[RRI S
Tt P st 1| [eiy |y | g 9|y s | i | R | S| (Rt

Q-1 T L — 300] 175 125 |[4700]6.73|. 49 129 | 063 3.84 9.3 6 Onin, 3.8 40
O% +v<t_ Mw.mwgn D~ — 300] 20.0 125 |[467.5/6.73] 5.67 L29 | 0.70 4.40 10.3 2 8min, 4.0 43
Joe p T~ L3230 boe —~ 300] 225 125 [ 465.0{6.73] 6.38 128 | oM 4,95 1.4 |- 14nin 42 45
0w loboc. & a% g | — [ sof 250 [ras [4msen] 1o 129 | 0.8 | 549 | 124 Tain, L6 L9
ENEGETN AR S L — 300 2175 125 |460.0/6.73] 1.7 129 | 0.9 6.04 12.5 4uin, 5.0 5.1
USe_+ —P2ErFx — 300] 42.5 20.0 |43.5|6.73] 1204 206 | 141 5.84 20.9 4sec, 5.1 5.2
Jegcl ®oego-—1] I — 330 17.5 12.5 | 470.0/6.85] 4.9 129 | 0.63 3.84 9.1 - | 75ain, 3.3 3.5
q5. r,m.u < &.—~o | B — 330] 225 | 125 |[4650]6.85] 638 129 | 0.7 4.95 1.2 1 Tain, 3.6 3.7

87 SOPE=2] 10 — 330] 275 125 |[460.0]6.85] 7.7 129 | 0.91 6.04 13.3 Sain, 3.9 L1
g wok-— 9.3X0] o —~ 330 425 20.0 |[431.5(6.85] 1204 2.06 | L4 5.84 20.6 5 sec, 41 42
qoa-pgs=< m € & I~ — 120 380 225 12.5 | 465.0]6.66] 6.38 129 | 0.7 | 4.9 1.6 2 4ain, 2.4 2.5
doRBcl_-—od k]| = — 3701 1590 100 1475.0/438] 4% 103 0.53 4.12 12.1 5 hrs, 2.1 2.2
ISsBo5 28t | — — 220| 30.0 20.0 | 450.0|9.42] &5 206 | L06 | 4.13 113 5 sec, 3.0 3.2
I°H ESss L a®] = - 300) 17.5 20.0 | 462.5]6.73] 496 206 | 070 | 2.4 10.4 4 §nin, 2.7 2.9

5 SF 0SS 88p]| — — 300] 17.5 30.0 |452.5|6.73] 49 3.09 | 0.8 1.61 1.9 4sec, 3.2 3.2
doicl o 2 L20] = | — 300 110 8.0 |48L0]6.73] 312 | - 082 [ 039 | 3.8 6.1 [>24hrs, L7 18
m m&ﬁnnlu mm m,.Mu 20| o - 300 500 250 |425.0[673( 1416 258 | 1671 | 5.4 118 | instantly 2.9 3.0
1B PO -F e Imo — 37| 425 20.0 | 431.5(5.24] 1204 206 | L4 5.84 26.9 8sec. 2.8 3.0
dqeS®=pP-o _PpIw) — — | 300 30.0 10.0 [460.0[6.73] 850 103 | 09 8.25 8.9 Snin, L6 48

— Bl - —-O0p .| = — | 300 32.5 9.0 |[458.5/67| 920 | 0.9 101 9.89 9.9 3ain, 43 46

"H7L IS - 30 | = = 300 | 33.0 8.0 |457.0(673] . 082 | LOT | 12.09 10.7 1 3ain, 3.9 L1
4585 uf.m Pl | & - _— 130 37.0 8.0 |455.0]6.73] 10.48 0.82 113 12.78 16.8 Tain, 40 i1
X3 022020 | —01 — |30 20.0 — 480.0]6.73] 567 — 5.67 — 8.4 | 100ain, 0. 0.7
JE-0| T T 20| o]l — |30 22.5 -~ 47.5]6.73] 638 — 6.38 — 8.5 4 3ain, 0.8 1.0
q oelg% ~ L 20| og| — |30 | 250 - 475.0/6.73| 17.08 — [ n08 - 10.5 1 9min. L1 L2
HA9SE8& S 3 | X = 3w | 275 — 472.5(6.73] 119 — 7.79 — 1L5 -1 1mis, 13 L5
mum ,.m mvo -0 WMQM m.w — 1300 30.0 - 470.0(6.73] 85 — 8.50 - 12.6 | 3ufn . L5 _:
3 E°P mmmm ES ool Boo| — |sw | zo0 | — |4wolsm| 56 | — | 5. — 70| Tseim | - 05 | 01
182 cbolso L = | &0-| — -[30 22.5 —  -|'4m5(8.06] 638 — 6.38° — 7.9 38ain’| -~ 0.8 0.9
s QP8 S8 ] 200 | — 1300 | 250 —  lam0[sos] 08| — [ 708 — 8.8 2 3min, 11 13
RS SECec s | =5 22| — |30 21.5 — 472.5[8.08] 179 — 7.79 — 9.7 1 3min, 13 L4
] ,mm wE >0 of —o| Boc| — [300 30.0 — 470.0/8.08] 850 — 8.50 — 10.5 7min, L4 18
d —__B_wo.l.— | &0 ]| — |30 — 60.0 | 440.0{8.08] — 6.18 | 6.18 — 7.7 4 5ain, 0.6 0.6
3% %vmﬁ.r 1% ok o= — (30 — 75.0 | 425.0]8.08] — 773 | 1.13 — 9.6 9min, 0.7 0.8
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1. Material used (1) Water glass Three kinds of -water gl asses shown
in Table 1 were used. These water gl asses respectively show different nol

ratio. - Table 1 Water gl ass density(20[err] Q)
~Sidgerr] ™ Na[err]O (%9 nol ratio No. 1 1. 32 2
55 7. 0 3. 75 No. 2 1. 39 2 9. 0 1 0.
4 2. 89 No. 3 1. 60 34. 7 14. 2 2. 53
(2) Alkali netal salts of alum natfg._ Sodi um al um nat e cont ai ni ng
19.3% of Alerr] [err]Jerr] and having a density of 1.468 was used. (3)
Aci di c al um nates Al um nium sul fate having a density of 1.273. and

containing 8la%fable &rrexpmpipONesr ] tas2dscaspestiBedydisigw the
examples of the present invention., [t is shown from the Table

2 that all examples of the present invention show the gelation

time ffom short or instant time to long or moderate time, and

unconfined compressive strengths of 2 to 5 kgf/cm®. Moreover,
these examples show high consolidation strength in spite that

the concentration of water glass is iow, compared with the

concentration of general water glass, N _
Example Nos.1 to 10, and lb to 22 in Table 2 are respectively

satisfied with the following conditiaons of (1) to (5).

(1) The mol ratio of water glass is 2.8 or more.

(2) The Si0. concentration is in the range of 5 to § weight/
volume ¥ of the whole liquid.

(3) The total AZ 20s: amounts in the alkali metal salt of
aluminates and the acidic aluminates are in the range of 0.5
1.6 weight/volume % of the whole liquid.

(4) The value of AL 0. amounts in the alkali metal salt of
aluminates/A £ 20s amounts in the acidic aluminates is larger
than 3. 0.

(5) The value of AZ 20, amounts in the alkali metal salt of
aluminates plus A£ ,0; amounts in the acidic aluminates/
Si0. amounts of the water glassX 100 is in the range of T
to 25%. It is said from these examples that each of these
examples is respectively easy for éontrolling or adjusting
the gelation time, and shows the excellent consolidation

strength of 3 to 5 kgf/cm?,

i



The water solutions of the water glass shown in Table 1 were prepared as
liquid A as shown in Table 2, and water solutions of mixtures of sodium
al um nate and alum niumsul fate were prepared as liquid B as shown in
--Table 2..Concerning m xtures of liquids A and B, gelation tinmes and
unconfi ned conpressive strengths of sand gel of Toyoura standardsand were
determ ned. The results of the determ nation were shown in Table 2. In
.Table 2, the . -8- gelation tinmes were
determmined in_accordance with "a nettgod of handstanding a cup", and the
unconfi ned conpresive strengths were determned in accordance with "A

method of tept]fior d0cpi’{ fesly respectively show the value of sodium

aluminate (A£ .0s amount)/aluminiym sulfate (A2 20s amount) of

more than 3.0, It is said from these examples that they show
excellent effects until the value comes to around 10, but when
the value exceeds 10, the strength is slightly decreased.
(Bxamples 21, 22). |

The comparative examples 1 to 10 show the use of sodium
aluminate singly, as a hardener of water glass. Moreover, the
comparative examples 11 and 12 ‘show the use of aluminium
sulfate singly., It is obvious from the results of these
comparative examples that all of them show the low consolidation
strengths of 0.5 to 1.6 kgf/cm®. Moreover, in GComparative
examples 11 and 12, some precipitation occurs when liquids A and

- B are mixed, and thus, they are not homogeneous liquids.

Fig.1 is a graph illustrating the relationship between
sodium aluminate solution(m£) and gelation time(min,)
concerning example Nos.1l to 5 and comparative example Nos.1 to
0 in Table 2. In Fig.1l, a solid line shows the data of example
Nos.1 to 5, and a dotiedllihe show a data of comparative example
Nos.1 to 3.

It is said from Fig.1l that example Nos,1 to 5 forms a
moderate inclination curve of gelation time compared with
comparative example Nos,1 to 5, and thus, are easy for controlling

or adjusting the gelation time from short or instant time to

long or moderate time, N

In addition, each of example Nos.1 to 5 respectively keeps

—
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conpr essi ve sfkéngth“bf soil". Also, in Table 2, W V% neans wei ght / vol une

%

[err] . - 10 -

- 12 4;_
comparatively low viscosit}lﬁﬁfi}fjhéf before the gelation,
Accordingly, it is said'from;éQgéﬁécf,that the present grouting
liquid can be prepared from an'instﬁntly curing liquid to a
penetrative liquid having long gelation time.

Moreover, in the present examples, the syneresis of
consolidation is very small amounts compared with the comparative
examples, and thus, it is said that the present examples are
excellent in watertightness and durability. _

Furthermore, in addition, sodium aluminate was used as the
alkali metal salt of aluminates, and aluminium sulfate was used
as the acidic aluminates in Table. Of course, same results are
expected by using potassium aluminate instead of sodium aluminate,
and aluminium chloride, aluminium nitrate, and alums instead of
aluminium sulfate.

The effects of the present grouting liquid comprising

ingredients of water glass, an alkali metal salt of aluminates

and acidic aluminates are as follows, ,

(1) It shows high strength after the consolidation in spite that
the concentration of the water glass is comparatively low.

(2) It is easy for controlling or adjusting a gelation time from

~ short time to long time, and keeps low viscosity until just
before the gelation, and thus, it obtains water glass grout

of from an instant curing liquid to a penetrative liquid

having long gelation time.

- (3) It shows high consolidation strength.

(4) It is excellent in watertightness and durability because of

-
—



In Table 2, exanple Nos.1 to 22 respectively show the exanples of the
present invention. It is shown fromthe Table 2 that all exanples of the
present invention show the gelation tine fromshort or instant tinme to |ong
of -noder at® tinme, and unconfined conpressive strengths of 2 to 5
kgf/cnferr]. Mreover, these exanples show high consolidation strength in
spite that the concentration of water glass is |low, conpared with the
concentration of general water glass. Exanple Nos.1 to 10, and 19 to
22 in Table 2 are respectively satisfied with the follow ng conditions of
(1)-to (5). (1) The nol ratio of wateusglass is 2.8 or nmore. (2) The Si Q2

concentration is in the range of 5 to 9 weight/ vol une % of the whol e
liquid. (3)s®adlt emalunAlserof] dyargrdediey.r] amounts in the alkali netal salt
of al um nates and the acidic alum nates are in the range of 0.5

1. 6.wei ght/volume % of the whole |iquid.



(4) The value of Alerr] [err]Jerr] anounts in the alkali metal salt of
alum nates/Alerr] [err]lderr] ammnu;intheaddicaJmﬁnMesisIaumr

t han 3. 0. (5)T [ew]Qew]ammMS|ntheMKM|
~salt of alu Mgﬂﬁmg‘l@ ‘ﬂ] [err]d err] anbuypi-g—ka—tHe I

al um nat es/ of the water gIa~Fﬂf POHEE ' A
- of 7 to 25% It is said fromthese exanples th Fi-5 ]

exanples is respectively easy for controlling or adjwwstiTig

-gel ation tinme, and shows the excellent consolidation stren th of

5 kgf/cnferr]. - Exampliés-19 to 20 resp

val ue of sodiumalum nate (Alerr] [err](err] aman/a

(Alerr] Terryfhersl 2TRyRty 95

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

ingredients of water glass, an alkali metal salt of aluminates,

and an aluminium salt which shows acid by hydrolysis,

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

ingredienté of water glass, an alkali metal salt of aluminates

and an aluminium salt which shows acid by hydrolysis, said

ingredients being satisfied wigh the following coanditions (1)

to (5).

(1) The mol ratic of said water glass is 2.8 or more.

(2) ‘The S$i0, concentration of said water glass is 5 to § weight
/volume ¥ of the whole liquid, |

(3) The total AZ :0s amounts in the alkali metal salt of
aluminates and the aluminium salt which shows acid by
hydrolysis are 0.5 to 1.6 wgight/voiume % of the whole
liquid, '

(4) The value of the AZ »0s amounts in the alkali metal salt
of aluminates/the AZ 20s amounts in the aluminium salt
which shows acid by hydrolysis is exceeds 3.0.

(5) The value of the A£ 20: amounts in the alkali metal salt
of aluminates+the A2 20s amounts in the aluminium salt
which shows acid by hydrolysis/Si0, amounts in the water
glassX 100 is 7 to 25%.

3. A grouting liquid for injection into a ground as claimed in

claim 1 or 2, wherein said aluminium salt which shows acid by

hydrolysis is one or more selected from the group consisting

-



more than 3.0. It is said fromthese exanpl es that they show excel | ent
effects until_ the value comes—to around 10, but when the val ue exceeds 10,

the strength is i sed. (Exanples 21, 22). The conparative
exanpl es_1 tom {“E mﬁ igmgf sodi um al um nat e si ngl Jf=as._a hardener of
. water glass. VEerL, COfpar ati ve exanples 11 and 3e...
of

aluminiumsulfate singly. It is obvious fromthe resul i
.conparative exanples that all of them show the | ow conso '
of 0.5 to 1.6 _kgf/cnferr]. Mreoxefs -in conparative exanples
sonme precipitation occurs when liquids A and B are m xed, and thus,

are not ho enepus |igui ds. .FiLg.1 |s a.graph_illustrati.n he

rel ati (ﬁ}gkﬂn‘g‘?‘b’e‘i Wé‘%ns%gﬁ?'&?n af LuphAd gmthEPFbaGn{ YN SRPYL ﬁéltglaittén

time(m n.az concerning exanple Nos.1 to 5 and conparative exanple Nos.1 to 5
in Tabl#® 344M¥ig 1 a solid line shows the data of exanple Nos.1 to 5,

and a dpttged Iine.shog/.a dgt of .co‘rrE%r.ative exarrEIe s. 1 tci 9. . |t
i s sai dif rion8ERYE RO hhi Q) ngpé ABdeetignsinkPnd BIRYAL: a8e Ciladmedadinon

f | af i ti it ti | e, Nos. 5, d
hots PR htaharIBThe s’ b SRR bR BR T RoR e Haketdm sar or
oo AT APLE PO ] RRRREa87AY TBs amount' n2¢He! aT0niRiGH i ©

which shows acid by hydrolysis is in the range of 3.0 to 10.0.

-
OOl t
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a12- conparatiVéfylIom/stédéify.until just before the gel ation.

Accordingly, it is saird fromthe fact that the present grouting |liquid can
be prepared froman instantly curing liquid to a penetrative |liquid having
* long gelation tine. Moreover, in the present exanples, the syneresis

of consolidation is very small anbunts conpared with the conparative
exanples, and thus, it is said that the present exanples are excellent in
wat erti ght ness, and durabilit Furthernore, .in addition, sodium

al um nate was_used as tth&TKAﬂT BBt RHBsRISCLASHREN nates, and al uni ni um

sul fate was used as the acidic algﬁinateﬁt
s \ R o ) 0,4 RIU

n Tahle. O course,_sane results
B AW et nst ead ef .sodium_al-um nate, and
al uni ni um chiwatee, g hasst by pen aronddeg dnquaduberi nsdesd iom dindd i um
sul fate. The effects of the present grouting |iquid conprising
i ngredéeowedofwhichrigl used ﬁnrannalsiolrrdtagu ngatheoBraume na obi smldsad.di ¢
alum nates are_as follows. %1) |t shows high strength after the
consol [ tlaconhainsspngeedhants oft wetesnadassat adn adkatlte mahadh s ks 0f s
comparatively low. (2) It is easy for controlling or adjusting a gelation
tinme fabuminatenoandt rheacddiong lumimatesd Bsoss iadwwi seoidl tmmdgleqtsst
before the gelation, and thus, it obtains water glass grout

are satisfied with the specified conditions., It is easy for

controlling a gelation time from short time to long time, shows
high strength after the consolidation in spite that the
concentration of the water glass. is comparatively low, and is

excellent in penetration, watertight and durability.

0y



of froman instant curing liquid to a penetrative liquid havi ng | ong
gelation, time. (3) It shows high consolidation strength. (4) It is
excellent in watertightness and durability because of

- 13 - small anmounts of syneresis. What is clainmed is:

1/1
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(4) The valu “m el“m\‘m rr]Jerr] anmounts in.fhe-alkali metal salt
of alun1nate C{err] anounts int e al umni nm.saltcex
whi ch shows aci d ‘by

hydro yS|s is exceeds 3. O. (5

REMIACEMENToSHERE

Alerr] [err]Jerr] annunts in the al kdl% ~netal sal‘t | &F—at-unrriat eb+
the Alerr] [err]Jerr] anobunts in the alum niumsalt ag&hﬁﬁﬂﬁho% acid
by hydrol ysi r nt:s .in the water gl as$x 10;2b%
2. A groutlngﬁfkgang¥a?HBH i3 imed in. _PléJ 1

wherein said alum niumsalt which shows acid by hy
selected fromthe group consisting _
of alumniumsulfate, alumniumchloride, alumniumnitrate

rolysis is one or{nore
e 5

I'nj ection into a ground as %I

1. A grouting liquid for injection into a ground which comarisss
ingredients of water glass, an alkali metal salt of alumiqates
and an aluminium salt which shows acid by hydrolysis, sa:id
ingredients being satisfied with the following conditions (1)
to (3).

(1) The mol ratio of said water glass is 2.8 or more.

(2) The Si0. concentration of said water glass is 5 to @ weig:n?
/volume % of the whole liquid,

(3) The total AZ ,0; amounts ia the alkali metal salt of
aluminates and the aluminium salt which shows acid by
hydrolysis are 0.5 to 1.6 weight/volume § of the whole
liquid.

(4) The value of the A£ .0s; amounts in the alkali metal salt
of aluminates/the A£ 20, amounts in the aluminium salt
which shows acid by hydrolysis is exceeds 3.0.

(3) The value of the A£ ,0s amounts in the alkali metal salt
of aluminates+the AZ .0, amounts in the aluminium salt
which shows acid by hydrolysis/Si0: amounts in the water
glassx 100 is 7 to 25%.

2. A grouting liquid for injection into a ground as claimed in

claim I, wherein said aluminium salt which shows acid by

hydrolysis is one or more selected from the group consisting

q%OBaQ -
20 )& (R€
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and al ums. ““P&u quid for injection into a g ¢l ai med iln
claim1l, V\:‘ﬂ‘\m\“mm“ J\of Alerr] [err]derr] anoun ' fre—arkari
metal salt of alukinhtes/Alerr] [err]Qerr] amount in L al umi.ni.um sal t}-.
whi ch shows acid by hydrolysis is }h-the range of 3.0 t© 10.O0.

of alﬁ—minium sulfate, aluminium chloride, aluminium nitrate
and alums,

3. A grouting liquid for injection into a ground as claimed in
claim 1, wherein the value of AZ .0s; amounts in the alkali
metal salt of aluminates/A£ .0, amount in the aluminium salt

which shows acid by hydrolysis is in the range of 3.0 to 10.0.
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