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Abstract

Grouting is used for reinforcement and waterproofing of soft ground to increase its bearing capacity,
reduce the impacts of rising or lowering groundwater levels, and reduce subsidence due to vibration
and general causes. This study investigated the enhancement of grout strength and hardening time by
the addition of reinforcing fibers, and the development of non-cement grouting materials from blast
furnace slag. An experiment was performed to measure the increase in grout strength resulting from
the addition of 0.5% increments of aramid and carbon reinforcing fibers. The results show that the
uniaxial compressive strength of grout increases with increasing content of reinforcing fiber.
Comparison of three admixtures of finely powdered blast furnace slag and 10%, 20%, and 30%
calcium hydroxide stimulating agent showed that the uniaxial compressive strength of the mixture
increases with increasing content of alkaline stimulant; however, the strength was lower than for
100% pure cement. The reaction of calcium hydroxide with blast furnace slag powder, which
increases the strength of the grout, is more effective if injected as a solution rather than a powder.

Keywords: blast furnace slag, aramid fiber, carbon fiber, uniaxial compressive strength, energy
dispersive X-ray test
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(a) Aramid fiber (b) Carbon fiber
Fig. 1. Experimental fiber.
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(a) Materal mixing (b) Aerial curing (c) Shape of test speciment after test

Fig. 2. Process of uniaxial compression experiment test.
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Table 1> MEA ASASAE S48 FIt T2h-EA 2] vigh] o]

Table 1. Mixing ratio of grout materials using reinforcing fiber

A B liquid C
Soil (g) OPC (g) BFS (g) Ca(OH), (ml) W (ml) Fiber (g)
45 (100%) 0 (0%) 0 (0%)
Carbon
0 (0%) 40.5 (90%) 4.5 (10%)
202 20
0 (0%) 36 (80%) 9 (20%) .
Aramid
0 (0%) 31.5 (70%) 13.5 (30%)

EDX &%

H ATLo]lA EDX(Energy Dispersive X-ray Fluorescence Spectrometer) -2 ]eF 2| 2 ARESH 20| H-2 Fig.
33} 22 LV-SEM(Low Vacuum Scanning Electron Microscope)©|t}. LV-SEM-2 ZAFg-of| A W25 27} '?:]-(EIGCUOH
Beam) & A&7 ARIEHRE FAL, Als EAA BASHE of2] 24 FeHS 15712 74X, A=) B e 2
2 490] iSselch. of S Bolo] A Sl P 2145 elat 4 510, 2 ko] sl el o
et

r°>«
g

St

Fig. 3. Low vacuum scanning electron microscope.
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6 COPC:BFS=100:0 6 C BFS:Ca(OH)2=90:10
g T
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G 4 = 4
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day day
(a) OPC=100% (b) OPC:Ca(OH),=90:10%
8 —a—Nontreatment BFS:Ca(OH)2=80:20 6 —i—Nontreatment BFS:Ca(OH)2=70:30
—e—A BFS:Ca(OH)2=80:20 —o— A BFS:Ca(0H)2=70:30
6 C BFS:Ca(OH)2=80:20 C BFS:Ca(OH)2=70:30
= v 4
-9 o
£ £
2 4 =
/ /"7 )
) / 2 :
2 %
0 0
3 7 14 28 3 7 14 28
day day
(c) OPC:Ca(0OH), =80:20% (d) OPC:Ca(0H), =70:30%

Fig. 4. Analysis of uniaxial compression strength according to reinforcing fibers.
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7oA FA 2ol 0.98 MPaz 7P A Ueht o™, e o001 0.5% Y = 1.1
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&= A YR
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A7 3% o= OPC 100%2] -5 1.36 MPaz 7P &7 ER on], G2 =7] 2hhgoll A= BFS:Ca(OH),
7}80:20% % ™ 1.34 MPaZ 7FY =7 U2, 90:10% 2 ™ 0.98 MPa= 7 g WA LreRg T e 28 Y 7oA =
OPC 100%7}4.82 MPa2 7Fg =7 Ve oW, |24 g-fadollAl= BFS:Ca(OH),7} 80:20% % ) 3.17 MPa
2 7 = YR o™, 90:10% Y w 2.20 MPa= 7Fg WA LreRdt,

8 —i—Nontreatment OPC:BF$=100:0 8 —4—A OPC:BFS=100:0
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© ©
o [
g £
z 4 =

2 7/’/ 2 //

3 7 14 28 3 7 14 28
day day

(a) Non-treatment (b) Aramid fiber 0.5%

8

——C OPC:BFS=100:0
—e—C BFS:Ca(OH)2=90:10
C BFS:Ca(OH)2=80:20
C BFS:Ca(OH)2=70:30

q,(MPa)

3 7 14 28
day

(C) Carbon fiber 0.5%

Fig. 5. Analysis of uniaxial compression srength by Ca(OH). content.
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Table 2= AH=2 -SAIA| O] SUFAES LEIN I

Table 2. Uniaxial compressive strength test result of sand-gel

Uniaxial compression strength (MPa)

Classification Mixing ratio
3 day 7 day 14 day 28 day
OPC:BFS =100:0 1.42 1.83 3.34 4.82
BFS:Ca(OH), =90:10 0.98 1.59 1.81 2.2
Non-treatment
BFS:Ca(OH), = 80:20 1.34 1.81 2.67 3.17
BFS:Ca(OH), = 70:30 1.21 1.71 2.09 2.33
OPC:BFS =100:0 1.76 2.25 4.39 6.32
BFS:Ca(OH), =90:10 1.12 1.54 2.03 2.36
Carbon fiber 0.5%
BFS:Ca(OH), = 80:20 1.74 2.03 3.01 343
BFS:Ca(OH), = 70:30 1.32 1.80 2.46 2.63
OPC:BFS =100:0 1.82 2.33 4.23 5.80
) BFS:Ca(OH), =90:10 1.05 1.34 1.56 2.51
Aramid fiber 0.5%
BFS:Ca(OH), = 80:20 1.80 2.19 2.61 3.63
BFS:Ca(OH), = 70:30 1.41 1.93 2.34 2.81

SABE(Ca(OH) ] 74 Fehe] e 253 2= 24

Fig. 62 7]:20] -5kl 59 gefo] So124& F4I0 M BAIAIh 2 oA gt vl def 7
QI A BAAS) DHUEAE AE v Aole

Fig. 601 A157H 7517 €2 OPC = 100% W] 4tk 74 ee] 1 291573 w2 vehdl Zlolet. 4)
% 39RO S itetekr 0] %9 1,29 MPa, 44181045 §99] 793,68 MPaZ OF2.28) ol 371 23 5I9)ck
A3 28 Al A= S-Atek g TR ] 292,33 MPa, 441014 B 0l0] 9530 MPazZ k2.3 o) 357 274

Fig. 6b+= oFeu| =5 9
2pol A Seatslzies ulEEro] 4.9 1 32 MPa, 44tk 8910 494,60 MPaZ o} 3,54 o)A} =7 ZAE|9c) A
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—a—BFS:Ca(OH)2 powder = 70:30 —+—BFS:Ca(OH)2 powder = 70:30

——BFS:Ca(OH)2 solution : 70:30 =o-BFS:Ca(0OH)2 solution = 70:30

& ¢ /’/
.

2 ‘—/’_‘_/-t/" 2 /

3 7 14 28 3 7 14 28
day day

(a) Non-treatment (b) Aramid fiber 0.5%

q,(MPa)
£
q,(MPa)

Fig. 6. Analysis on uniaxial compression srength by injection type of Ca(OH)..

= Q75 Fol 2 AlRe] FE AFsle] EDX 4 6?93&}
AABTRE AU 57 5 opaffE A=l AFete] EDX 4de aetlar AiF 12 of mheh At gro] Aol
SHRR 1719] ASUSAT AT tgAollA 37]400A A5t Ht % AHESIAT.
EDX 4] A}, 2 Hetu] o] =8 7 84 O(H) F C(FA), Ca(26), Si(iF4) = Uehgth 3,
B[RSOl Al(F0]E), Mg(PH1H4), Na(HER) 52 s AES S 2S3 71 vl 2ol vehte 949S 9
}IeHAC.
Tables 3~6°]|A] Ezveh go] 2527 mji o] o] S7etol what Si Bl Ca7t 571 2L 0 2 UERd=t] o= 4]
HIEC} V25 o] fARRt F= 2 5o 9lon g nlmw o] T MEge 1 vl ool S el ot
2} Si & Ca7} 2715t 70 2 mokec)

Table 3. EDX analysis result for OPC:BFS (100:0%)

Sample Graph An element containing
- M spectrum 12 Mineral ~ An element containing (%)
A 0 54.26
OPC:BFS - . e
(100:0) ;
3 Ca 14.37

0 gt [ T O R T O T T T T R T T O B | R B SR | .
: : i 4 o Si 13.40




Table 4. EDX analysis result for BFS:Ca(OH) (0:10%)

Sample Graph An element containing
B Specium 12 Mineral An element containing (%)
0] 48.48
BFS:Ca(OH), C 1422
(90:10)
Ca 25.32
Si 7.45
Table 5. EDX analysis result for BFS:Ca(OH), (80:20%)
Sample Graph An element containing
B Soectrum Mineral An element containing (%)
0] 43.18
BFS:Ca(OH), C 14.30
(80:20)
Ca 28.78
[‘_L||||||||||||||||||"“|||||||||||||||||l
0 5 10 15 v I 9.10
Table 6. EDX analysis result for BFS:Ca(OH), (70:30%)
Sample Graph An element containing
[ F— Mineral  An element containing (%)
0] 11.01
BFS:Ca(OH), C 42,14
(70:30)
Ca 31.58
Si 8.77
a4

e
o FLEREAIR] 48 (Ca(OH),) 0 BFEE
(1) Aol whe YEYSAE A8, ST 22004 @] A=A S35 Fetoll w2t OPC 100%] SA1A]
7H7Pg S s BN, SR R A 2 A3Ick. BFS:Ca(OH),

o] 21gh&o] 10~30%7H] S7Fgtell wet Fwrt S ele A2 E1g 4 9IgloH, OPC 100% Y Tl ke W

Al Z74 =300k ol mlRE e o] -4t} o] Frristol Jkg ul 4= /AR OPC 100%9} +4tetbd< &
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