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Evaluation of Field Application for the
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Abstract The advantages of grouting are the simple instrument, the simple procedure of practice and the
simple verification of grouting result. but the more grouting practice there is, the more damages of environment
from grouting practice and grouting materials there are. so, the grouting materials and methods with the
character of environment friendly are introduced in construction field, recently. This paper is to study of the
physical characteristics that has thixotropic character and that consists of inorganic and polycarboxylate
co-polymer. In study, various testing methods are performed such as a viscosity, a thixotropy, a compressive
strength, a heavy metal detection and pH measurement in lab test and a low pressure injection test and a high
pressure injection test in field with different soil type. As a result, a optimum mix ratio is proposed by
analyzing the result of lab test. the field applicability is verified by checking a injection pressure, a grout
volume and a hardened body of grout by excavating the practice site.
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[Fig. 1] Shear behavior of loose Sand(Karol, 1983)

3.3 J29E M- 3 N

AP Aur] ejek 4 A0 NANgE A
S} Do) TAE shetsr] Sisko] 21 40%8l Aol
OFAIFGIE 25T WAOR ANF P} 1Y 294 B
L vk} o] 7k Ngo] ARe Aure] ANAREH
Q1747 Ngto] 2 Aubich 2 Uehe 21 o 4= 9l

50 F

N/z
Fun
¢ il N/2=25 X D14t
Fux
os L N/z=285 X Dy,
o s L o
o o1 o5 10
Dy {mm)
(33 2] 445 Nz D509 HA(YEAH7] A3
3], 1991)

[Fig. 2] Relationship of N/z and D50 Before impregnation and
after impregnation(Japan Construction Mechanization
Association, 1991)
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[Table 1] Standards proportion of plasticity grout(Won

Huh, 2011)
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[Table 2] The chemical composition of OPC and SC
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[Table 3] The chemical composition of the powder plasticizer

CaO | ALO3| SO; | SiO; | MgO | Fe;Os | LOI |EE=

40.67 | 21.84 | 2859 | 391 | 1.80 | 1.15 | 0.42 | 5320

4,23 HATIAN|
NTkaAE TEASREE A
Aol F7hE T FF4S W%h
Folck. 49 Aefel A ok
KA TRt EolA] AHE é@ J@M ERET
Phade Sefsha AMIES] 43t whgel ] §ETE o
Zelole Wl Fa%ol e FAste] aekeE Yol 1%
AT AYTkaAY BN BHS E 49 2

o]o

[E 41 phanlel] Zeld 54
[Table 4] The physical characteristics of the liquid plasticizer
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[Fig. 4] Heavy metal elution test
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[Table 5] The influence of pH on aquaculture
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[Table 7] Testing mix for mixing characteristic of
plasticity grout

AN (kg) BoH(Liter)
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[Table 8] Viscosity and P-con flow time

N P-con-3-5}A] 7(sec)
B B e 7 B T
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1| OPC-100% | 81 8.16 8.20

2| H 41 | 2

3] opc-786% | 390 | 125 [872] 8 [890 ] 8
4| OPC-83.8% | 287 8.42 8.57

5| opC-89.7% | 1625 8.10 8.26

6] SC786% | 440 848 9.15

7] sc838% | 320 8.16 8.72

8] sC89.7% | 280 7.81 8.31

o| Er885% | 200 8.30 8.50
10] £17-838% | 320 8.16 8.72
11 2uk796% | 650 842 11.50
12| Buk758% | 1,570 9.84 2150
13]  olAl-Okg 10 7.98 -
14]  olA}3kg 125 8 8
15[ NAr6ke 12,5 8 8
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17] WAk12kg 16.0 8 8
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[Fig. 5] The characteristic of viscosity and P-con according
to the amount of cement used
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[Fig. 6] The characteristic of viscosity and P-con
according to the amount of powder plasticizer
used
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[Fig. 7] The characteristic of viscosity and P-con by liquid
plasticizer quantity
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[Table 9] Plasticity measurements result

B3RS
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1 OPC 300 | 300 |300| 300 | 300 | . Hut
-100% oA} | o)A} [o]AH oA oA | T
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el I I N I B B -
2427t
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1 1 14 1
3 78.6% 78 60 | 155 5 05
OPC
4 83.8% 85 175 [ 172 150 | 110
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6 |SC-78.6%| 72 | 150 | 148 | 143 | 108
7 |SC-83.8%| 75 165 | 163 | 155 | 132
8 [SC-89.7%| 79 | 198 | 197 | 189 | 153
=4
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e R
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e 1
-75.8% 7 5 3
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10 = =1
Bl okg [or| ov [ovy]ovy| oy | TEEN
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16 83 181 | 180 | 175 | 168
-9kg
17 W 89 | 187 |187| 185 | 180
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[Fig. 8] The floating characteristics according to
characteristics of cement
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[Fig. 9] The floating characteristics according to
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[Fig. 10] The floating characteristics according to
characteristics of liquid plasticizer quantity
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[Fig. 11] Relationship of A-liquid viscosity and plasticity
(15 times drop before and after)

4231

o funl

om
®
8

(W) T A Eni
IS
5

21(5) 842(4)  872@3)  7.818)  816(7)  248(6) 83(9)  842010) 92411

AQY P-conEDIFA|ZHZE)

[O& 12] AYP-con ETFA|7M} 714 2] 34|
[Fig. 12] Relationship between A-liquid and P-con transit
time

2203 0ol A ZHAH7A] Baksigich
?;%zhzq 27 A3k F 103} o] olaprteA7t ol
712 kL wjat-13} wigh-130 A 1ekeE TS AR
a7} vbgste], 2 7o) oF 35% AJEo] By vt
SAE A et =SS 23 A AFol Bk
ST, LoiA] wgtll Al ZRsatsich

[ 10] ¢=H= =34 da)

[Table 10] Compression strength test results
HH? 2 S .
Ho - 79 | 289 | o1

AHYHETL
1 OPC-100% AHE Ry 2 Ha)
2 A 53 4 *
3 OPC-78.6% 60 95 135
4 OPC-83.8% 47 70 110
5 OPC-89.7% 32 53 95
6 SC-78.6% 55 92 150
7 SC-83.8% 40 75 135
8 SC-89.7% 38 60 120
9 Hul88.5% 34 72 132
10 | 27-83.8% 40 75 135
11 | B2-79.6% 53 79 134
12 | B2-75.8% 67 82 141

ARAARE} -
13 ] id-Oke AlI?ﬂExHiﬁ—}ﬂ
14 9]14/%,]‘—3kg 42 78 136
15 N A}-6kg 40 75 135
16 OHAF-Okg 36.8 71 128
17 0—1,4*0]'—12kg 32.7 64 126
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[Fig. 131 Strength properties according to powder cement
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[Fig. 15] Strength properties according to liquid plasticizer

10
Ihw

m
2 X

AgATe A Ed7taAde 1TBeEY &2
Al7)13L B o] W3S FHAIA 271 9 A1

HAAAFH, BG7EaA o] Ao LEA7E A
FATC RN AHIES] 2315 A A7 L
E7t AotEe Aog weEnh o)e A7) ks
AgEfo] w2 GEEA 9 1037 Y3}

7w 5= wAE vEhd 9 16y a9
17614 27] L A F2) o] 948 9158 o
3t & w3 Azt He A9 AP P= wol X
Row vehgth. webd sha

ol)l
—_’ﬂl

FﬂJ
2 ol

o

i

l

CREEA L P
Z7} AQ10RL SCE AST A9, BAMENL wE
A%, B kaAe] WE B, ATkeAFe] HHY
#$90 AoR BerE

T

filo

iS4

160

(;wio/43) K10 S

Tha A (mm)(E])
(33 16] 7@ Dt d54=e
[Fig. 16] Relationship of plasticity (initial) and compressive
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[Fig. 17] Relationship of plasticity (after 120 minutes) and
the compressive strength
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[Table 11] Permeability test measurement range
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[® 12] "B 23 (P9 ¢ emysec)
[Table 12] Variable permeability test results
(unit : cm/sec)

Rk
19 | 32| 79 | 149 | 28
A=
el e ke
7.524 | 7.574 | 8.085 | 8.410x 8.758x%
7h4Ad 7 7 7 7 7
] x10° x10° x10° 10° 100
I1AF
: i; 4951 | 5.347 | 5931 | 6.103% 6.623x%
A E" x107 | x107 | x107 | 107 107
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=
; 6 ./
A
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P
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[Fig. 18] Variable permeability test results
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[Table 13] Heavy metal detection test parameters

S}EL ‘:]'-?—] A]ﬁn LH;L
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o -1, 59
E4gE 5 2 |pH -0, 1, 3, 6, 24, 48,
T2A|7}
‘ NaAaEreE
H| T =z= o T
[EnRsiik ST 2 /\]@EJE}—?—E
ARESR | 7 2 OPC, SC
- A|HEH] % 83.8, 100, 200

3 e E 149} o] 7R ek E uiht sC
E T ARG, 247 RgraAE

ARE Ao AgH ke A9l sl A A
shoich

(£ 14] 7144 72hE BT S 98 e
[Table 14] Testing for an environmental impact assessment
plastic grout mix

A% w/c AH(kg) Bo¥(liter)

o = Hu}p N A}
<A % | & | sc |opc e = lzﬂP
1 83.8 637 720 40 94 6

2 100 760 760

3 100 760 760 6
4 100 760 760

5 100 760 760 6
6 200 864 432

ABE 2A3EE ) Eiplac] A EUY F
CE 193 59 F FYsck 23 A E 159
2ol FEHOE MPLEAS AHGI AT 1, 3,5
EholAE o] AEEA kot 1 el HEY
#ol7} glort wIE HEEIt. 53], SCo ]sh OPCo]
A e A5 WA F-AMEY] 200%41 713
O AEUS etk uebd aeteE Fo Gt
EYeY, OPCRRE ALGFOZA 71 B AEYo]
Uebgta, Bt AME ] Bgulgo] 2 A9 §EE
7Rt 22 o 4 gtk

[# 15] o™ 7 H= e*"]’
[Table 151 Cr* detection result

27 | =34 A& 4 2Hppm)
= | AH 1 2 3 4 5 6
o 14 | 245|072 | 24E| 105 | =315 | 8.74
r = - -

59 | EHE| 071 | EHE|1.07 | EHE| 88
47.2 pHEH

JekeEo] pHERAT E 16 2 19 197} 2ol
OPCL= SCol| ul8) A= o2 e pH 27hS trehg)
31, 9hEo] wierh e Aol 18R] ohe 7499} 7]
o] Ak pH $7HE Ueleh BavtanlE Abgsr
A9 w ekl Tk uhEo] AEo] pHE}
AAE Aukg Btk 3], WIEAS AT B
o= pHE7I7H Hagom AT ANE ML, OPC
oF SColq BEH O RIFT. w2t F4 @ pH
o] Z71% WA $Iek THE FaF a0l Wik
Al Ao B

"

12 |
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[E 16] pH =347}

[Table 16] pH measurement result

A pH 2457] (7D
A A5 1 3 6 24 48 72
g2 | 76

1 8.02 | 862 | 9.02 | 9.18 | 9.43 | 946 | 9.46
2 10.90 [11.67 |11.82 |11.84 |11.87 [11.92 ([11.93
3 9.21 | 9.64 | 9.82 | 991 |10.10| 10.11 | 10.12
4 1192 | 12.7 |12.83 | 12.84 | 12.89 | 12.89 | 12.92
5 10.02 | 10.52 | 10.68 | 10.83 | 10.99 | 11.02 | 11.04
6 11.96 | 12.69 | 12.76 | 12.76 | 12.83 | 12.85 | 12.87

oxtHd

[3Z 19] 7}aA] ARGl TE

pH W3}
[Fig. 19] Change in pH due to use of plasticizer
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[Table 17] Analysis of test results table
R 2 3t
AlHlE OPC, SC cr™, pH SC Aot

Al E e 770, 720, | 7}2A ‘%—J 744 720kg

670 H:IE}E? Aok
24, AR,

Ry 0, 40, 80 o 40kg
= » £) > . E_L]‘/\]7}' kel

ZhaA 120 waler JI<t
OHA} 0.3, 6
1 0 > ) > /\/\—]

ThaA ek 9, 12 7k 6kg A<t

[E 18] 7I&Aaeke-E 2Hu)gt

[Table 18] Optimal plastic grout mix

A (kg) B (liter)
w/c
% 5 sc = g |
(%) = S = SR
83.8 637 720 40 94 6

5. % MY ot

51 XY HE

B =Bl A 7tAA a2k e 2A uidha|
gt 435S sl AkARiye :la} = /\]12 Eo].]
AR TERE A

a
w
ror
bal
%
==
—__

>
o4
]

[

b 0
AT

e oft OX
5
ol

£ 0

@ ol
>
o
3

¢
{0 ol-;l

o »
N
b St
_“m
0o
ﬂﬁ
5 2 ofw

romt off
ol
T:
rr
s
T
o
o
)
fm
o
B

i

mox n% o
jl
¢

>

el

>
I
N

g 2 ¢ dons. s g1el
SAAoE 7o)
‘ﬁ—% 4@:} Al?lL oy m 4 st Thsg

[ 20] A A} SHekE
[Fig. 20] Hadan, Saha, Busan

5.3.1 BAI=EH

nEAA 7ty Aek9E 1 AE A

5.3.2 BAILIE
F94) 12k AF

o
Corenh3 & 2wA

4235



FAelr| ke A 4128 493, 2011

5.3.3 3¥e £
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[Fig. 22] Grouting plan
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[Fig. 23] Check injection views
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[Table 19] l-axis compressive strength of core sample
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