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Abstract

In grouting, the LW method is commonly employed to induce the gelation of cementitious material using water glass,
thereby restricting the extent of material injection. Nevertheless, challenges manifest when materials are lost before gelation,
particularly in regions with high groundwater flow rates or significant subsurface voids. This study developed a thixotropic
grout material using LFS and GGBFS to mitigate material loss during injection, with an assessment of its flow characteristics,
durability in marine exposure, strength, and injection properties. The outcomes revealed that the thixotropic grout material
exhibited flow ranging from 105 to 143 mm and enhanced strength and durability compared to the LW method. Furthermore,
field tests substantiated that applying vibration and impact improved impermeability.
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Table 1. Experiment plan

Factors Levels Test items
. * Flow
Binder t; 3 .
tnder type » Compressive strength
* Injection performance
W/B ratio 3 . Marme supme.rswn test
« Field application test

Table 2. Experiment mixture design

Cement milk (0.91 m®)
No. LES OPC BFS WB silica S(;l
o | v | weny | oo |O0™)
1 10 50 40
2 15 40 45 150
3 20 30 50
4 10 50 40
> 15 40 45 175 | 10%
6 20 30 50
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8 15 40 45 200
9 20 30 50
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Table 3. Physical and chemical properties of using materials

Physical properties Chemical composition (Wt.%)
Binder (zfrrr‘lsl;ty) ( 2111%‘/‘;) Si0, Ca0 ALO; Fe0s MgO
OPC 3.15 3,200 17-25 60~67 3~8 0.5~6 0.1~4
GGBFS 2.87 4,600 35~40 32~38 10~13 0.1~2 0.1~2
LFS 297 6,300 8~12 40~47 20~25 2~5 6~7
(Remark) OPC: Ordinary portland cement, GGBFS: Ground granulated blast furnace slag, LFS: Ladle furnace slag
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Table 4. Flow test result (KS F 2476)

No. W/B ratio Silica sol Flow (mm)
1 115
2 150 % 130
3 143
4 110
5 175 % 10 % 123
6 136
7 105
8 200 % 113
9 127

Fig. 1. Flow test (KS F 2476).
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Fig. 2. Specimens molding and strength measurement.

Table 5. Strength result of specimens

Compressive Strength (MPa)
No. 20°C wet curing
1 day 7 days 28 days
Plain 0.2 0.5 1.6
1 1.6 2.6 3.6
2 1.6 3.0 4.0
3 1.9 3.7 4.5
4 1.4 2.4 33
5 1.6 2.8 4.1
6 1.7 3.1 4.4
7 1.2 22 3.1
8 1.4 22 34
9 1.5 24 34
: m1lday m7days m28days
a
g
&3
I
1
L
Plain 1 2 3 4 5 6 7 8 9
Fig. 3. Strength properties.
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Table 6. Exterior alterations due to marine exposure

Table 7. Weight variation due to marine exposure

1D Before After 45 days
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ID Weight (ke) Weight loss|  Note
Before After
LWI1 2.0 1.7 15% fractured
Lw2 2.0 1.6 20 % fractured
LW3 2.0 1.6 20 % fractured
Lw4 2.0 1.6 20 % fractured
LW5 1.9 1.6 16 % fractured
SG1 2.0 1.9 5% -
SG2 2.1 2.0 5% -
SG3 2.1 1.9 10 % -
SG4 2.0 1.9 5% -
SG5 2.1 1.9 10 % -
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Table 8. Injection properties of grout materials

Table 9. Injection properties (pilot test)

LW grout Developed grout

10

sec.

after

Grout leakage though side | Grout injection without
holes leakage

ZT.'.;V j J‘.‘\_:"V o
N T e

60

sec.
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Injection placing about |Injection placing complete
50%
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2. Casing install & gravel

filling

4. Water flow through side
holes

5. Grout injection without 6. Injection complete

leakage
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(Impact vibration grout method)3-$-& &85}

Storage room

Air compression plate
Discharge volurme control

volume switch Timer

Discharge pressure control
& pressure retention device

Motor

Booster pump Opening/Closing valve

material intake pipe
Material discharge pipe

7 N
’ \
A ‘_ ;
\\ /,
Vibration-ggnerator
PREEREN
/ \
> —— ]
— -_—
Vibration packer el

Fig. 5. Vibration packer.
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Grouting test construction longitudinal section

[OPC+Bentonite] injection section
(L=50.0m)

Injection separation section

[Developed grouting method + Developed grout] injection section

o N
9,, & 4
%{ﬁ%@ é\i;%x\
% ) L B
Construction section : N0.18+15~19+15, No.20+15~No0.21+15 L=100.0m
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‘L\ Injection lower limit
PH-1 PH-2
‘ ‘ #Use to prevent between injection sections. ‘

Fig. 6. Test excution plan.

Table 11. Permeability test result

g
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At A-olA st AANE BeATlAE duky

7010]

No. Depth (m) | P.C. (cm/sec) Note
G.L~5.0 1.04x107
PH-1 5.0~10.0 1.25x103
(initial)
Avr. 1.14x10° Cement +
" bentonite +
CHLI G.L~5.0 1.85x10 LW
= -4
(after grout) 5.0~10.0 1.66x10
Avr. 1.76x10"
G.L~5.0 1.10x107
PH-2 5.0~10.0 1.35x107
(initial)
Avr. B Dcveloped
" grout &
. G.L~5.0 6.43x10 IVG method
] 5.0~10.0 5.02x10°
(after grout)
Avr. 5.73x107°

G.L. : Ground level, P.C. : permeability coeffcient
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