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ABSTRACT

The grouting method is utilized to reinforce and waterproof poor grounds, enhance the bearing capacity of structures damaged
resulting from settlement due to elevation and vibration or differential settlement, and for cutoff. The purpose of this research
is to enhance the compressive strength of grout materials by using aramid fiber and develop a high—strength ground
improvement method by using blast furnace slag powder. In this regard, this study has conducted a uniaxial compression
test after checking the high charge (higher than 50%) of the ratio of blast furnace slag powder and cement at 100:0, 70:30
and 40:60%, adding the aramid mixture based on O, 0.5 and 1.0% of the cement and furnace slag powder weight and creating
sand gels based on surface oiling rate of 0.7 and 1.2%. For the environmental review evaluation, a heavy metal exudation
test and a pH test measurement have been conducted. The experiment results showed that 1% increase of aramid fiber
led to 1.3 times greater uniaxial compression intensity. As for the hexavalent chrome, a 30% increase in blast furnace slag
powder led to approximately 50% decrease in heavy metal exudation. However, the pH test revealed that a 30% increase
in blast furnace slag powder resulted in approximately 0.5 increase in pH. Further research on the pH part is needed in
the future.
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Fig. 1. Aramid fiber
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Table 1, Mixing ratio of grout materials for uniaxial compression strength measurement

A B liquid C
C B Cu(OH), W A
Soil O

© (© (0 (© © (0
70 0 o o

(100%) (0%) 0 50 0.7% 0%

49 21 0.55

305 (70%) (30%) a 29 (0.5%

28 42 12% 11

(40%) (60%) 42 8 (1%)
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(c) Uniaxial compression experiment test

(d) Shape of test specimens after test

Fig. 2. Process of uniaxial compression experiment test

Fig. 3. Electron microscope
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Table 2. pH test method

Classification Waste process test method
Specimen 10 g
Distilled water 25 ml
Liquid solid ratio (LS ratio) 25
Water soak time 30 minute
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8 |—Nontreatment C:B 70:30% 8 ~+-0:A 0.7:0.5%, C:B 70:30%
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9 9
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8
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7 0:A0.7 : 1.0%, C:B 40:60% _ 7 0:A 1.2 : 0.5%, C:B 40:60%
3 s 7 °
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——

3 7 14 28
day

(d) O:A =12:05

72

qu(MPa)

-#-0:A1.2:1.0%, C:B 100:0%
~—0:A1.2:1.0%, C:B 70:30%
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7 14 28
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(e) 0:A =1.211.0

Fig. 4. Analysis of Uniaxial Compression Strength by C:B Mixing Ratio
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i ~#-Non treatment C:B 100:0% i ~#-Non treatment C:B 70:30%
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= 6.5 | ——0:A1.2:1.0%,C:B 100:0% ¢ = 6.5 | =<0:A12:1.0%,CB 70:30%
S s S s
g 55 F 55
5 5
4.5 45
4 4
35 35
3 3
3 7 14 28 3 7 14 28
day day
(a) C:B = 100:0 (b) C:B = 70:30

~#~Non treatment C:B 40:60%
~—0:A 0.7 : 0.5%, C:B 40:60%
15 0:A 0.7 : 1.0%, C:B 40:60%

7 0:A1.2:0.5%, C:B 40:60%

= 65 | 5-0:A12:10%,CBA0E0%
s ¢ ‘
3 55

5

4.5

4

3.5

3

3 7 14 28
day
(c) C:B = 40:60

Fig. 5. Analysis of Uniaxial Compression Strength by O:A Mixing Ratio

Table 3. Uniaxial Compression Strength test result of Sand—gel

Classification Uniaxial Compression Strength (MPa)

o : A CcC: B 3day 7day 14day 28day
N 100 : 0% 3.35 3.78 452 49
”ea?rr;em 70 : 30% 3.68 472 4,98 5.39
40 : 60% 3.86 5.04 5.65 6.71

100 : 0% 3.63 439 472 514

07:05% 70 : 30% 4 47 5.03 522 575
40 : 60% 4.66 5.48 6.24 722

100 : 0% 426 478 513 584

07 :1.0% 70 : 30% 486 559 572 6.13
40 : 60% 550 5,94 6.61 7.43

100 : 0% 4.02 453 485 574

12 :05% 70 : 30% 469 5,38 554 6.09
40 : 60% 510 581 6.56 726

100 : 0% 443 523 554 6.50

2:1.0% 70 1 30% 5,00 584 6.00 7.05
40 : 60% 6.10 6.26 7.36 8.09
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7V 2 3, 7, 14, 28 W QEQMEET) =0 Ao shols}ol Tt
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4.2 SEM ¥ EDX 2MZx}
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(a) 250 zoom ratio

AlRE SEMOo 2 A3t A1} Fig. 6(a)2} (b)y= A3 A
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of|A Hinlel Zho] olgtu|E AL 7} It ER e At
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(b) 500 zoom ratio

Fig. 6. Images of SEM without fiver

(a) 250 zoom ratio

(b) 500 zoom ratio

Fig. 7. Images of SEM using aramid fiber
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Table 4, EDX analysis results for C:B (100 : 0%)

Sample Graph an element containing
) A
.SpedrumZ Mineral An element containing (%)
0 5426
CB
(100:0) ¢ 17.26
Ca 1437
_|I|I|l||||l|]||l|||“||l]~l|I|I]I|I|I|I|I|l|
0 5 10 15 keV Si 13,40
Table 5. EDX analysis results for C:B (70 : 30%)
Sample Graph an element containing
= B Spectrum 4 Mineral An element containing (%)
F 0 4558
> 50=
\U -
CB g = )
(70:30) = Si 16.36
a Ca 16.10
O-||‘||||||||[|||||||'|‘||||—||||l1||||l|||||||
0 5 10 15 keV C 15,06
Table 6. EDX analysis results for C:B (40 : 60%)
Sample Graph an element containing
Bl Spectrum 6 Mineral An element containing (%)
2 0 4163
CB -
1
(40:60) : Ca 9.89
= Si 17.27
O-||||||||||[|1||||||"|'|l'|-|||||1||||l|||||||
0 5 10 15 keV C 13.63

oF C(E), Ca(

F43), Si(vFa) = LT B9, S

=

10% 1Rk ol Al(LF1l5), Mg(Uh14|+), Na(HHE+)

50| ot AHE

&ALl tehbs

A4S ek
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Table 7. Heavy metal leaching test results

— Heavy metal of leaching (mg/¢)
Classification =
Cr
Standard 1.500
CB 100 : 0% 0.467
CB 70 : 30% 0.285
C:B 40 : 60% 0.092
Table 8. pH Leaching test results
Classification Oh 0.5h 1h 3h 6h 12h 24h 48h
C:B 100:0% 950 957 9.68 976 984 9.90 10.26 10.38
C:B 70:30% 10.20 10.30 10.39 10.44 10.49 10.57 10.85 10.99
C:B 40:60% 10.69 10.73 10.78 10.82 10.89 10.94 11.16 1.31
Ratio, LSR)+= X5 10 AREsHaL glom, AT o] Zt 18 C:B 100:0%
6A1 7S HASk Qe 125 1 c870:30%
- _ 12 . y
TasE 8% ANEZi= Table 73 2t s ek
22 9223 A7} C:B 100:00904%= 0.467mg/( 2 1 . .
C:B 40:60%09) A= 0.092mg/¢ 2 LFERIT) E3l n2s Twls)
0
271 mjEgo] 30% 57l wet oF 50%2] 671AE0] :5 ,,,./»———*"’/
sk 7o) Yt ol 2EWHE AHMES} 12 9
s - oo :L/\ I:I 0 0.5 1 3 ) 6 12 24 48
&1 v =3hs-E B saE 2ol ek Elapsed time (h)
Q Agto = nAstE| o] FrjF o R ulu|stA &%= Fig. 8. pH Leaching test results
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1.5mg/t olse] SAasFo g G of wet e[l 2 Ao A= A AL A TAfAY o=
H|2= ggFo] A yehdS gelskelch A 2 I2EYT uEY, AME S3o R 3 oS
Fes UL 87 18ke-EAES Adtetaa) shglck A
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A =7t F7kste] ofh = Hfrh MEA Yol
A 2R A8 sto] ol S7HE AdE & 4
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(2) SEM 2423} ofatu|= 447} ek E ol A
A AEL BlHE 277t 258] ool Ao
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