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ABSTRACT

Purpose: In this study, a grout material mixed using non-alkaline silica-based materials, which is an
eco-friendly injection material to stabilize ground, is investigated to improve conventional problems.
Method: The homogel specimens of Eco-Friendly Non-Alkaline Silica Sol (ENASS) and L.W. and
S.G.R., representative silicate grouting are manufactured. Physicochemical and engineering properties
of the specimens are evaluated in laboratory with uniaxial compression strength, hydraulic conductivity,
shrinkage, chemical resistance, elution, fish poison, waste leaching. Result: Laboratory test results
show that the ENASS was superior in all aspects compared to the existing injection matirial. The
suitability of the grout material with ENASS is investigated with filed tests. Conclusion: The results of
laboratory and field tests demonstrates that the grout material with ENASS is eco-friendly material
that increases the strength, decreases the permeability, and discharges pollutants without leaching.

Keywords: Injection Material, Grouting, Fish Toxity, Eco-friendly Injection Material, Non-alkaline
Silica, Homogel Specimens
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Table 1. Stage mixing ratio for mixing ratio determination test

T AR 9] e 1200 13t 1-4nid 1-5ERed 1-eHlRt 1-7HHS 1-8ERR 1-9uHE 1-108HSH -8R 11260
HAATE mL 10 10 10 10 15 15 15 15 15 20 20 20
FosA mL 10 15 20 25 10 15 20 20 25 10 15 20

AN S mL ] 1.5 2 25 1 1.5 1.5 2 25 1 1.5 2

2 mL 79 735 68 625 74 685 635 63 575 69 635 58

A mL 100 100 100 100 100 100 100 100 100 100 100 100

AHE g 40 40 40 40 40 40 40 40 40 40 40 40

NaHCO; g 15 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

B 7 ¢ 1 1 1 1 1 1 1 1 1 1 1 1
o

= mL &7 87 87 87 87 87 87 87 87 87 87 87
Al mL 100 100 100 100 100 100 100 100 100 100 100 100

Table 2. Stage mixing ratio for mixing ratio determination test

TR AR &9 2-18gE 2-28[%F  2-38REh 2-4uigh 2-5uieh 2-6WiE 2-7HARE 2-8vARh  2-9uHRT 2-10WAEt

TAATE mL 15 15 15 15 15 15 15 15 15 15
F234E mL 25 25 25 25 25 25 25 25 25 25
AY  2HE mL 25 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
= mL 575 575 575 575 575 575 575 575 575 575
A mL 100 100 100 100 100 100 100 100 100 100
AHE o 40 40 40 30 30 30 30 50 50 50
NaHCO; g 1.5 2 2 1.5 1.5 2 2 1.5 1.5 2
B 7 ¢ 0 1 1.5 1 0 1 1.5 1 0 1
= mL 87 87 87 90 90 90 90 83 83 83
Al mL 100 100 100 100 100 100 100 100 100 100
LAY =2t K=

FAA =] wiehE Wi, B, A, @87 T2 FRIsk Sloto] AW BluAldE AASHn:. A5 E

FZHISH]= Table 37+ 2k

Table 3. Standard mixing ratio by injection method(1,000 {standard)

AH(500 0) B(500 0)

ENASS73 84 AHE ENASSZ3}A] =

ENASS
500 ¢ 200 kg 12.5kg 430 ¢
TAAET3E = AHE HELo|E =

LW

250 ¢ 250 { 200 kg 20 kg 430 0
SGR TAATH3E = AlHE S.G.RZA =
o 250 ¢ 250 { 150 kg 60 kg 420 ¢
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Table 4. Comparation of uniaxial compressive strength between the ENASS method and silicate grouting metiod
9] : Mpa

ENASS
T - LW S.GR
#1 #2 # Bt
AU (28Y ) 3.46 4.08 3.77 3.77 1.5 0.3
A2 PP § =AY

Z q
ESAGAE-L ASTM D 5084(2003)01] 2]A5H] E4A14S 245
] ATH= Table 59 Lt
S5 A2 ENASS O B4} S GR 90 Bk m i) 2 210 2 ek Wi Lw ofele] 39 o
71e] -] ofgt #5AFO R Qlojod W 9 553o] Hot FpAlgo] 8715515t
Table 5. Comparation of homogel permeability tests between the ENASS method and silicate grouting metiod
T : em/sec
T ENASS LW S.GR
2.6x10-9 - :
FrAr28YE ) 384100 SE7T °F8.0x10”
i e
T U H ST E Hokol] Slol dolHiskerde A 1A 94, sl
disto] 1109 Fke] 717 Bote] Zolwial g2 Shlskelr). AF AT Table 67} ). ENASS FAHL
71220 Ha L sllroll A= 0.1% o[l E =740l 7o 'DASHA] gttt T12fu L.WeES.G.R FUAHS S
2207} PAGe] 1ol wfet A% 0 2 Felel § 9 deky B0 2 Saagol RS Selg 4 gtk ol
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Table 6. Comparation of homogel Length change tests between the ENASS method and silicate grouting metiod

=%
& ENASS LW S.GR
71z 0.0 55 5.9
e 0.1 4.9 52
i 0.1 47 4.7
K i ]
FUA Q] A FF IS 2RIoH] flote] H7lE S8AES H7E38AI 7 (= He et Al A)2017-54%
2017.12.12.)°]l 2]As}t] AAJ51IT). A@A1= Table 72 2t}
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271 & AR SRIF AT
Table 7. Enviromental impact of the ENASS method(waste leaching)
&+ img/ {
TE Pb Cd Cu As ' Hg
HEA 30]4 0.3014 304t 15014 1.5014F 0.005014F
ENASS e B4 EHE EHE EHE e
LW 0.024 e 0.009 0.185 0.662 e
S.GR BEAE e E4E 0.014 0.140 BE4E
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Table 8. Comparision of fish toxicity test results of the ENASS and L.W. and S.G.R.method according to time

T pH, AAfolg AAbE 24A17F 48A17F T2A17F 96417t
pH 9.78 8.50 8.03 8.11
ENASS PPN 0 0 0 0
A 0% 0% 0% 0%
pH 10.9 10.9 10.9 10.9
LW PPN B 17 20 20 20
A 85% 100% 100% 100%
pH 10.99 10.90 10.95 10.99
S.GR PPN 18 20 20 20
A 90% 100% 100% 100%

"5l ENASS efefi] 3&7‘*&4%# 2
FHPAS, 71

9 AR RS SR15kIrh Akl AlES o
AETAIE, & A E=ARNEH) S AAlote] 11 A} g vl sk
YR

iRt QIR ASFAL @ollA] AAst.oH, 7HAA B E HAFE2 0 2 ENASS Fl 29413 Al5-2 270
A AASIEE AIFHHS KS F 23229 oAste] FoAtdARte] 943 - 2 49detr] Hap91E-rAlR](Falling
Head Test)= AI5F3. 2, 71 A3H= Table 99+ AT

Al ga} RIS It AFFEFA RN 2704 B AlF A 0] B4l H|wste] & uf sfla=2] Fako] Q= skt

gl A & 2[R HERe] AR a7t SiR1E| k. E5] F2kt59] 39 H F54AG7F2.533%10 cm/seco] =ofl §tall, 5
Y F6.620x10 cm/sec. 0 & 7Aoo QIHREol A O] AT O] 7%%6}%%—0—211%#‘21‘”@ 1

A AE A =GRl olRt FpAla=o] AME71ER] 110 emy/sec ©]5F

Table 9. On-site permeability test results before and after construction of the ENASS method

. 1%t 277t
AlAA] pAE=SmA=] c}lo
e e WO xaE A ok
G.L-6.0m ERZAEARD) cm/sec 6.472x10° 4.764x10° 9.605x107 9.226x10°
G.L-12.0m ERZAEARD) cm/sec 1.237x107 6.270x10° 1.280x107 2.127x107
G.L-18.0m BRI EAR) cm/sec 2.916x107 1.152x107 5.774x10° 5.807x10°
G.L-24.0m EFHAEART) cm/sec 2.818x107 9.663x10° 6.544x10° 5.323x10°
G.L-32.0m Z39t cm/sec 2.339x107 4.161x107 2.533x107 6.620x10°
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Table 10. Standard penetration test results before and after construction of the ENASS method

aE 7] NA|(R]§ERAP (3] /em) HZFA NZ|(3)/em) B2} NZ(3)/em)
BH-2 BH-4 B7rA-1 B7A2 B7s Bs )
GL-1.0m 4/30 11/30 7/30 5/30 13/30 12/30
GL-2.0m 3/30 5/30 4/30 6/30 8/30 10/30
GL-3.0m 2/30 3/30 3/30 4/30 7/30 8/30
GL-4.0m 14/30 2/30 8/30 7/30 9/30 12/30
GL-5.0m 35/30 5/30 32/30 28/30 35/30 33/30
GL-6.0m 50/18 3/30 50/20 50/23 50/15 50/17
GL-7.0m 50/11 23/30 50/12 50/15 50/8 50/9
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Fig. 1. Comparation of electrical resistivity methodresults before and after construction
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