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ABSTRACT

The engineering characteristics of synthetic polymer-silica sol, which has the effect of reducing leakage, was evaluate and
compared with typical grouting material, the water glass-based SGR injection material in this study. The result of the
laboratory tests on strength and durability about the synthetic polymer-silica sol showed more than twice as high as LW-based
injection materials in uniaxial compressive strength, significantly lower values in shrinkage rate and permeability. The result
of pH was less than 8.5 (the drinking water quality standard). As a result of the leaching test, the Na,O elution amount
of the synthetic polymer-silica sol was measured to be 3 to 4 times smaller than that of the water glass grout. These results
be assumed that the synthetic polymer-silica sol has better durability and permeability than those of the typical water
glass-based grout.
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Table 1. Characteristic of DiSodium TriSilicate (Yang et al.,

2012)

Specific Water
ravﬁ oory| S0 (%) | NeO (%) | Fe(®) | insoludle
aravity amount (%)
1380 28~38 910 0.02 0,01
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(a) Water glass

(b) Silica Sol

Fig. 1. Leaching phenomenon



ofgt iAo 55 HojFal ItH(Chun, 2011).
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Table 2. Characteristic of Synthetic Polymer—Silica Sol

Specific Water
ravi ooy S0 (9 | NeO (%) | Fe () | insolubie
gravity amount (%)
1396 284 85 0.01 0.00
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(b) Silica Sol

Fig. 2. lonic reaction of Silica Sol (Sogaard et al., 2018)
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Table 3. Type of case

Case 1 Case 2 Case 3 Case 4

SPSS SPSS SGR SGR
(Short type) (Middle type) (Short type) (Middle type)

Table 4. SPSS mix proportion

SPSS (Short type) |SPSS (Middle type)
A Water (L) 154 161
Cement (kgf) 140 120
5 SPSS (L) 55 35
Water (L) 145 165

Table 5. SGR mix proportion

SGR (Short type) | SGR (Middle type)
A Water (L) 100 100
Disodium TriSilicate (kgf) 100 100
SGR additive 7 (kgf) 24 —
5 SGR additive 8 (kgf) - 24
Water (L) 168 168
Cement (kgf) 60 60

(a) Underwater curing

(b) Wetting curing
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(c) Strength measurement

Fig. 3. Unconfined compressive strength test
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Table 6. Result of unconfined compressive strength test

Curing method Unconfined compressive strength (MPa)
Curing time Case 1 Case 2 Case 3 Case 4
1 day 1.94 0.54 0.34 0,14
Underwater 3 day 2.9 0.87 0.49 0.2
curing 7 day 3.04 1.09 05 0.59
28 day 467 1.51 0.49 0.62
1 day 2.03 0.65 0.31 0.12
Wetting 3 day 278 0.87 0.44 0.25
curing 7 day 3.04 123 0.45 112
28 day 554 3.39 0.67 1.88
6 6
&—8—8 Casel ®—8—8 Case 1
- | G—6—© Case2 - | 3—6—=© Case2
E B Case 3 E BB Case3
2 4 || 3—8—8 Case 4 2 4 |- |3—8—ECase4
= | =
=1 =1
=] =
g2 g
) n
-
0 L | L | L
0 10 20 30 0 10 20 30
Elapsed time (day) Elapsed time (day)
(a) Underwater curing (b) Wetting curing
Fig. 4. Result of unconfined compressive strength test
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(a) Saturate

(b) Coefficient of permeability measurement

Fig. 5. Triaxial permeability test

Table 7. Result of triaxial permeability test

Case 1 Case 2 Case 3 Case 4
Coefficient of permeability (cm/sec) 8.84%1077 6.515%X10°° 2.85X10°° 1.73x10°°
stz eH, FAAE Ao 2 UERIt] Table 72 AZE4AIE 2918 32 H

EZOPAZ] B ool whE AR 4
o] W3lEkS ZAate] ELA|42 ALYBIGIT) Eda|20]
AL DarcyH 22 o] &3] A5t o, o 4 (3),
(@)} 7t} Fig. 5= AF=EZA3 0] HhiL Uehya glck.

q= kXixXAXt 3)
P —P,
A= 1At )
P —P

A7) M, FFAA) = 2

Py o FAA AHA 9] ¢FY
Py o FAIA S FEolA o oY
A A&9 #o|(em)
t: fae] S AlZkseo)
4.3.2 HEEFAE 2t
ArzE2A3 Ayl SPSSe| &
8.84x107cm/secE 7MW EXAAIE W) 7|E A}
Z=T8}2E0] SGR A F22] A9 2.85x10 cm/sec 2
SPSS 27 tjH] oF 328jAE =4 ZAo] gl SPSS
A0l AL 6.52x10%cm/secE H|w A e ESAE |
tt T3l SPSS Z21 oA BEgAsor AA3)
l.OXIO'Scnl/secHl:]- o EAgr) YeRton, SPSS &
20] 79 B2z} A7k SGRIEQIA T oF 328 o

29 A5 BrART

34 SEXMRMATSEIE=EE M21E M3E

o711 9l

7‘01%_@}@ © PSS9k SGR FI 2] o] uf
FHI W 29 52 Mwotn Fagol
=R R
317] 93 Alguolth E3F A7 0] AlE RS A
2 I3k FAAe] Polust 27
7he B3 T1ekeEe Bay WAk A7)
ek & A2 FAAE] AL 14, 3L
)

Am JM e BAel

3

N
o

|HH5}AIS] HiH

SPSS9} SGR 67 0] L2 w2 s
Pl oJ3) BAIAY HolHske ZAske
H ufgke: Ao} Bojo] ufghulo] whe e
R P
JojuistEEe] 47 3 ot s—m} AR ¥
2 Sl S5
loll o} ghs] 417
TAAY &7 B

g el weste] pRg BRs

> B

I

ok —
rE
rlo

T+

-

wn?ﬁ.

=
2o
o\

_,_
ﬁ

o
>41

AA

l«

N

do m“ o

O
0%
oZ I
(y
\
7
0% o
i)
r:(o
0_1:
10

e Hoo o = ofu It

> A o,
IS
o —%‘
ot Ly
>
>
Mo
0,
¥
1o
o fr



Table 8. Result of shrinkage measurement

(c) Wetting curing

O><40><160(mm)
X% WA 64cm’
e
= ARE-5lT) Fig. 62

A= FHNA 42.35% 231991 A 4 Ao A=
°l$°ﬂ 7ol 713t ol Blelf SPSS+= A
o] % 15.02%, 14.44%= H|uLE X %4—.%0] ooy},
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(d) Length measurement

Fig. 6. Experiment of length variation

Curing method

Shrinkage (%)

Curing time Case 1 Case 2 Case 3 Case 4

1 day 1.25 0.63 433 372

Dry 3 day 224 317 678 6.19

curing 7 day 372 494 14,74 16.75
28 day 15.02 14,44 42 .35 -

1 day 0.31 0.63 4,03 0.94

Wetting 3 day 0.63 0.63 414 353

curing 7 day 0.63 0.63 5.06 384

28 day 0.63 0.63 6.79 4.33

1 day 0.31 0.63 495 1,81

Underwater 3 day 0.63 0.63 6.17 2.49
curing 7 day 0.63 0.63 10,47 372

28 day 0.63 0.63 10.47 4.33
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Table 9. Result of area change

Curing method Area measure (cm?)
Curing time Case 1 Case 2 Case 3 Case 4
1 day 63.2 63.6 61.23 61.62
Dry 3 day 6257 61.97 59.66 60.04
curing 7 day 61.62 60.84 54 57 53.28
28 day 5439 5476 36.9 -
1 day 63.8 63.6 6142 63.4
Wetting 3 day 63.6 63.6 61.35 6174
curing 7 day 63.6 63.6 60.76 6154
28 day 63.6 63.6 59.66 6123
1 day 63.8 63.6 60.83 62.84
Underwater 3 day 63.6 63.6 60.05 62,41
curing 7 day 63.6 63.6 57.3 61.62
28 day 63.6 63.6 573 6123
60 15
®—8—@® Case 1 —0—9Casel
| | G—©—© Case2 | | >—6—© Case2
B—— Case 3 B—E— Case 3
~ ~_~ EF—H—F1Case 4
g 10
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g =
E ] S
75] [ _ —
0 L L
0 10 20 30 0 10 20 30
Elapsed time (day) Elapsed time (day)
(a) Dry curing (b) Wetting curing
15
—0—® Casel
L @—6—6 Case 2
B—E—8 Case 3
-~ BB Case 4 -
S 10k
= 5
=
=
35 T -
0 1 e . a— | 1 1 —
0 10 20 30

Elapsed time (day)
(c) Underwater curing

Fig. 7. Result of length variation experiment
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(b) Measurement of pH
Fig. 8. Toxicity test
Table 10. Result of toxicity test
Case 1 Case 2 Case 3 Case 4
Curing time
pH Dead fish pH Dead fish pH Dead fish pH Dead fish
1d 8.46 0 8.4 0 9.7 0 9.7 0
2d 8.3 0 8.21 0 9.35 8 9.36 15
3d 8.21 0 82 0 9.29 12 11.30 18
4d 82 0 8.29 0 10,04 18 11,15 20
12 30
o—9—® Casel
n F| G—6—© Case 2
BN Case3
=
= 10F =
=4 =
=
o L
Q
=
L I L I L
0 40 80 120 120

Time (hr)
(a) Result of pH measurement

Time (hr)
(b) Result of dead fish measurement

Fig. 9. Result of toxicity test
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Fig. 10. Result of leaching test

Table 11, Result of leaching test
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