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ABSTRACT 

New type of tunnel driving method and tunnel aid method are not only in common use of subway constructions but also obtaining 

good results in Korea. Chemical groutings are one of the most popular methods for the ground improvement during tlUllleling. In this 

paper, a series of uniaxial compressive strength tests of grouting materials were carried out to examine the variation of compressive 

strength for homo-gel of grouting materials. It was observed that the compressive strength of Sodium Silicate-Cement Grouts varied 

depending upon mixing methods. The compressive strength of grouting materials increases with using Circulation-Grinding-Mixing 

Methods, and this trend is increasingly noticeable to a low molar ratio( calcium hydroxide/natrium oxide). 

RESUME 
Le nouveau systeme, recemment adopte en Coree, de creusage pour Ie tlUlllel s'est generalement repandu aux travaux de la construc

tion de metro et donne de resultats fort satisfaisants. Cette injection chimique pendant Ie creusage de tunnel est un des methodes les 

plus generaux pour consolider Ie sol. Nous trouvons dans ce rapport, un teste effectue pour la variation de la resistance de compres

sion uniaxe lors de l'injection homo-gel du sol. Les resultats nous ont montre que la resistance compressive du Sodium, du Ciment

Silicate et du Coulis se varient selon Ie methode du melange. La resistance compressive du materiel de l'injection du sol s'augmente 

par rapport it l'utilisation du Methode de la Circulation, du Meulage et du Melange, puis, aussi cet effet s'augmente clairement it la 

basse densite de molaire. (hydroxy de de calcium / oxyde de natrium). 

1 INTRODUCTION 

Sodium silicate(No.3)-cement grouting material is a product of 

chemical combination of cement slurry and sodium silicate. To 

combine these materials, a Paddle mixer is usually used; how

ever with high concentration of sodium silicate the strength of 

grouting material can not be achieved due to the delay of hy

draulic reaction at an early stage mixture. Two measures are 

employed to improve this problem: a compound silica is made 

from the neutralization of the sodium silicate(No.3) with so

dium oxide; a mixer capable of circulation grinding and mixing 

is developed to expediate the reaction between a cement and so

dium silicate(No.3). Accordingly, the purpose of this study are 

to investigate the effects of the degree of neutralization of so

dium oxide included in sodium silicate(No.3) and the mixing 

method of cement slurry on the strength characteristics of so

dium silicate(No.3)-cement material. Several lab and in situ 

tests were performed. 

2 SPECIMEN PREPARATION 

2.1 Test Materials 

Among the materials used in this study, A-liquid was prepared 

by following method. Sodium-silicate-3 satisfying KS M 1415 

and oxide sodium(Na20) of sodium silicate-3 were neutralized 

partially by watery sulphuric acid. Diluted solutions of the 

compound silica(CGS-B, CGS-2) were made in this way and 

made weak solution each 150i, 200i, 250i. The chemical com

ponents of A-liquid are listed in Table l. B-liquid, cement 

slurry was made of Ordinary Portland Cement (OPC). The 

chemical components and physical properties are shown in Ta

ble 2. 

2.2 Manufacturing methods of the cement slurry 

The manufacturing method of cement slurry can be classified 

into three methods: Type I (paddle mixing), Type II (high 

speed rotating shear mixing), Type III(circulation grinding mix

ing). The Circulation Grinding-Mixing mixer developed by 

CGM Corp. is made by applying the principles adopted for the 

colloidal mixer of concrete(Kutzner, 1996, Muller and Bruce, 

2000) and wet micro-grinding disperser(Japanese Research Insi

titute of Dispersion Techniques, 1976). 

(1) Type I 
The initial mixing of OPC and dispersant are mixed for 15 

minutes in the mixer(300rpm) and the mixed slurry is con

tained in the agitator for the test. 

(2) Type II 

After initial mixing of OPC and dispersant, the slurry is 

made in high speed circulation shear mixer under the 

processes of circulation and mixing for 15 minutes and is 

contained in the agitator for the test. 

(3) Type III 

After initial mixing OPC and dispersing agent, the slurry is 

made in the circulation grinding mixer capable of 

circulation, grinding, and mixing of the mixture for 15 

minutes and is contained in the agitator for the test. 

The maximum particle size of cement slurry made by Type III 

is under 50 I1ID, which is less than a maximum particle size, 100 

I1ID, of cement slurry made by Type I . 

2.3 Specimen preparation 

Optimal mixture ratio of ingredients listed in Table 3 is calcu

lated first. After calculation 125cc of liquids A and B are used 

to make specimens. The liquids are mixed and poured into the 

moulds right before they lose the plasticity. A mould with inter-
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nal diameter of 5cm and 10cm in height is used. After 1 hour 

of setting the specimens are submerged. Overall curing duration 
is 28 days and curing temperature is normal temperature of 
20±5°C. 

A digital-type of testing machine is used to measure the un
confined compressive strength based on the KSM 3808. 

Table 1. The chemical components of A-liquid 

Type Sodium silicate-3 
Compound silica 

CGS-B CGS-2 

specific gravity l.384 1.262 l.323 

Si02 (%) 27.2 23.1 25.25 

Na20 (%) 9.14 5.5 7.9 

Fe (%) 0.0034 0.003 0.003 

Non-soluble content (%) 0.0026 0.002 0.002 

pH (25 °C) 14 14 14 

Viscosity (25 °C) 200 40 120 

Table 2. The chemical components and physical properties ofB-liquid 

(l)The chemical components(units : %) 

Type Si02 Ab03 Fe203 CaO MgO Na20 K 20 S03 

OPC 20.4 5.8 3.1 62.6 3.6 0.13 0.77 1.9 

(2)The physical properties 

Type 

OPC 

specific 

gravity 

3.15 

Blaine 

(cm'/g) 

3,170 

coagulation 

Initial coagulation 

(minute) 

250 

Coagulation 

(hour:minute ) 

6:50 

Table 3. Optimum mixing ratio of Grouting materials 

Liquid A Liquid B 

Sodium Silicate' 150 ~ 250t 
Cement" 200 kg 

Grinded 2 kg 

Water Water 437t 

Total SOOt Total SOOt 

* Sodium Silicate: Sodium Silicate (No.3), CGS-B, CGS-2 

* Sodium Silicate: Sodium Silicate (No.3), CGS-B, CGS-2 

** Cement: OPC 

3 TEST RESULTS AND ANAL YSIS 

3.1 Compressive strength characteristics of homo-gel for 

sluny production method 

The amount of cement is fixed as 200kg per 1m
3 

The volume 

of sodium silicate in A liquid, compound silicate is changed by 

150e, 200e, 250e to investigate the influence of fabrication 

method on the strength mobilization of homo-gel. In case of or

dinary Portland cement, cement weight was set up by 20% 

which the cement hydrate to the sodium hydroxide of the so

dium silicate liquid(when molar ratio was less than 1.0, it was 

found that the homo-gel did not have strength within 3 days). 
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Figure 1. Compressive strength characteristics following sodium silicate 

(No.3) content (Type I ; OPC) 

3.2 Uniaxial compressive strength characteristics ofHomo

gelfabricated Type m 

The quantity of cement fixed as 200kg per 1m
3 

and sodium sili

cate(No.3), composite silicate(CGS-B, CGS-2) was changed as 
l50e, 200e, 250e in A liquid (500e). The influence of cement 

slurry on strength development of homo-gel produced by circu

lation-grinding-mixing system of Type III was investigated. 
The reason for the development of strength at early stage 

(within three days) regardless of mole equivalence ratio of hy

drous cement on sodium oxide is estimated by the acceleration 
of cement hydration reaction due to the refinement of OPC 

grains during the fabrication of cement slurry. 
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Figure 2. Compressive strength characteristics following sodium silicate 

(CGS-B) content(Type I; OPC) 
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Figure 3. Compressive strength characteristics following sodium silicate 

(CGS-2) content (Type I ; OPC) 
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Figure 4. Compressive strength characteristics following sodium silicate 

(No.3) content (Type III ; OPC) 
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3.3 Uniaxial compressive strength characteristics following 

neutralization of sodium oxide and producing method of 

cement sluny 

The quantity of cement is fixed with 200kg per 1m
3 

and the 

amount of sodirun silicate(No.3), composite silicate(CGS-B, 
CGS-2) is changed as ISOi, 200i, 2S0i in A liquid (SOOi). The 

influence on strength development of homo-gel by changing of 
method to produce cement slurry is investigated. 

The higher the sodirun oxide concentrates is, the severer the 

influence of fabrication method on the compressive strength. 
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Figure 5. Compressive strength characteristics following CGS-B con

tent(Type III ; OPC) 
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Figure 6. Compressive strength characteristics following CGS-2 con

tent(Type III ; OPC) 

fabrication(D) 

--e- silicate 2501 

(MR < 1.0) 

(Na20 = 9.0%) 

---e- CGS- 2 2501 

(MR> 1.0) 

(Na20 = 7.9%) 

----lr- CGS- B 2501 

(MR> 1.0) 

(Na20 = 5.5%) 

X MR (Molar Ratio) 

= Ca(OHh/Na20 

• OPC 200 KG/M3 

Figure 7. Compressive strength characteristics following sodium oxide 

content(Type I ; OPC) 

4 THE PILOT TEST 

4.1 Geological features 

JS-CGM(Just Selected Chemical Grouting Method) which uses 

the compound silica and cement slurry manufactured by circula
tion shear-mixing method was selected for the ground im

provement method at the highly permeable alluvial layer in the 

construction site of Seoul subway. 
The deposited thickness of alluvial layer is about 

18. Om~20. Om. Groundwater table was found at GL( -)6. Om. 

4.2 The Grouting Test 

Grouting was carried out by double rod quick acceleration-fully 

acceleration-quick acceleration- fully acceleration. The mixing 
ratio of the grout materials is shown in Table4, S. A interval be

tween the boring holes was 0.8m, l.Om, and the holes were ar

ranged in equilateral triangle pattern. Permeability and standard 
penetration tests were performed to check the ground improve

ment at the overlapped the grouting material. 
The assumed grouting ratio was set 30% and the applied 

grouting pressure is I.S~2.0 times of initial earth pressure. 

Table 4. The mixing ratio of the accelated liquid 

Liquid Al 

Synthesis Silica 

(CGS-I) 
60t 

Water 140t 

The total 200t 

* Gel time : 6 ~ 9 sec 

Liquid Bl 

Cement 

Grinding Aids 

Accelrating 

Curing 

Agents 

Water 

The total 

Table 5. The mixing ratio of grouting 

LiquidA2 Liquid B2 

Synthesis Silica Cement 
60t 

(CGS-2) Grinding Aids 

Water 140t Water 

The total 200t The total 

* Gel time: 60 ~ 90 sec 

4.3 Results andAnalysis 

4.3.1 In-situ permeability test 

120 kg 

1.2 kg 

20 kg 

155t 

200t 

80 kg 

0.8 kg 

175t 

200t 

In-situ permeability test was performed by flooding method that 

use casing after casing boring to confirm impervious effect of 
test hole. After grouting, the coefficient of permeability(before 
grouting K~S.O X 1O-3~6.0 X 10-4

) was improved up to 

K~(l.S~S.O) X 10-6
, which is nearly impermeable. Test result is 

presented in Table 6. 

4.3.2 Standard Penetration Tes 

Before core extraction, Standard Penetration Test was per
formed. N value increases after grouting and the degree of 

ground improvement increases with depth. Test results are 

shown in Table 7. 
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Table 6. Permeability before and after testing 

Depth 
Before testing After testing( em/sec) 

( em/sec) Tl T2 

6.0m 6.0xI0" 1.33xl0·5 1.07xl0·5 

9.0m l.92x 10.6 1.14xl0·6 

12.0m S.Oxl0·3 S.97xl0·6 3.82xl0·6 

IS.0m 4.16xl0·6 S.16xl0·6 

18.0m S.8Sxl0·6 7.89xl0·6 

Table 7. SPT results before and after testing 

Depth 
Before testing After testing( em/sec) 

(times/em) Tl T2 

6.0m 15/30 17/30 15/30 

9.0m 16/30 50/30 17/30 

12.0m 37/30 50/8 50/10 

5 CONCLUSION 

In order to examine physical and chemical factors influencing 
on the compressive strength of grouting materials, circulation 
grinding-mixing method was used. The results from different 
fabrication methods (Type I ,II ,III) sodium silicate, concentra
tion of compound silicate (CGS-B, CGS-2) are compared. The 
following is the summary from the tests: 

I) As the amount of sodium silicate in the A-liquid increases 

the influence of fabrication processes of cement slurry on 

the compressive strength increase. 

2) The factors affected on the compressive strength of grouting 

materials are sodium oxide in silicate sodium and the fabri

cation methods. Between two factors influence of fabrica

tion method on the uniaxial compressive depends on the 

molar ratio (MR=Ca(OH)2iNa20 of cement hydrate to so

dium oxide. At lower molar ratio (MR<I.O) the effects of 

fabrication method increase. 

3) The ground improvement after grouting was evaluated at al

luvial deposit by permeability and standard penetration tests. 

From the tests 2
nd and 3rd orders of permeability decrease 

was found. 
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