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ABSTRACT

Recently, there have been a lot of incidents related to ground sinks in urban areas, but restoration work is complicated
and inconvenience due to on—site control, and particularly, grouting and soil filling are generally applied as recovery measures,
but when the grouting or the soil filling is carried out, material segregation phenomenon occurs in the ground or a lot
of restoration amount is often required, depending on the state of sinks and the existence of groundwater under the ground
and the soil can be lost due to the flow of the ground water, and thus the purpose of this study is to develop a pouch—type
filler applied to a trenchless method for emergency reinforcement of the ground sinks with the aim of quick recovery of
the ground sink in urban areas, and as a result, it was confirmed that compression strength and the expansion ratio were
different according to the temperature of ground water and the compression strength and the expansion ratio could be

controlled by mixing alumina powder.
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Table 1. Unconfined Compressive Strength at 28 days of CLSM

Researcher or proposer Compressive strength
Edward T, Harrigan (2008) * 350~1,000kPa (51~145psi)
. t: |t I then 1,034kPa (1 i
NRMCA (1995) Open cut : equal to or less then 1,034kPa (150psi)

* Non open cut : equal to or more then 1,034kPa (150psi)

N. Rajendran (1994) * equal to or less then 2,068kPa (300psi)

* hand excavation : 1,380kPa (200psi)

ASTM (1997) * machine excavation : 345kPa (50psi)

Tarun R, Naik, Rudolph N, Kraus (2002) 620~1,310kPa (90~190psi)

Amster K, Howard, Jennifer L. Hitch (1999) equal to or more then 500kPa (73psi)

Light weight back—filling : 490kPa (71psi)

Sumio Horiuchi (1996) « BUild an artificial island : 840kPa (122psi)
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Table 2. Quality of ultra rapid hardening Cement

Test Unit Test method Result
1. 803 % KS L 5204 1.8
2. ignition loss % KS L 5204 29
3. specific gravity - KS L 5110 2.91
4. soundness(aggregate) % KS L 5107 0.05
5. fineness cmé/g KS L 5106 5,084
6. setiing fime initial setting time min KS L 5103 29
final setting time min KS L 5103 34

Percent finer by weight (%)

0.01 0.1 1
Particle Size(mm)

Fig. 3. Particle size distribution of fine aggregate
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Table 3. Formulation table at standard temperature condition

Category C 300-B C 300-R C 400-B C 400-R
Cement (kg) 300 300 400 400
Fine aggregate (kg) 1800 1800 1800 1800
Expansive additives 3% (g) 9.00 9.00 12 12
Gypsum 3% (g) - 9.00 - 12.00
Mineral admixture 0.1% (g) 0.30 0.30 0.40 0.40
. 5.0% 15.00 15.00 20.00 20.00
A'“(g‘)'”a 10.0% 30,00 30,00 40,00 40,00
15.0% 45.00 45.00 60,00 60.00
w 10 50
o
% 8 // 5-C300-B -#-C400-B | — 40 ]
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Fig. 5. Test results at standard temperature conditon
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Table 4. Permeability depending on the existanc/absence of limestone

Category

C300-B

C300-R

permeability (cm/sec)

26X10°

1.4x10°°
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Table 5. Result of Chemical resistance test

Category initial weight (g) weight after the chemical resistance test (g) percent change of weight (%)
300-5 234,602 235,259 0.3
C300-B 30010 239,688 242115 1.0
300-15 246,791 247 158 0.1
400-5 206,407 207.455 0.5
C400-B 40010 214,974 215,242 0.1
40015 235,769 236.11 0.1
300-5 305,165 306.614 0.5
C300-R 300-10 280,185 283,247 11
300-15 259,161 261909 11
400-5 223,701 225,738 0.9
C400-R 400-10 - - -
40015 234102 236,205 0.9
Table 6. Result of contaminant dissolution test
Result
Test unit Limit of detection
C300-B C400-B C300-R C400-R
oll % <5% Not detected Not detected Not detected Not detected
lead mg/L <3 mg/L 0.16 Not detected Not detected 0.04
cadmium mg/L <0.3 mg/L Not detected Not detected Not detected Not detected
copper mg/L <3 mg/L 0.079 0.074 0.051 0.060
arsenic mg/L <15 mg/L Not detected Not detected Not detected Not detected
hexavalent chromium mg/L <15 mg/L Not detected Not detected Not detected Not detected
mercury mg/L <0.005 mg/L Not detected Not detected Not detected Not detected
Cyanide mg/L <1 mg/L Not detected Not detected Not detected Not detected
tri—chloro ethylene mg/L <0.3 mg/L Not detected Not detected Not detected Not detected
tetra—chloro ethyelene mg/L <0.1 mg/L Not detected Not detected Not detected Not detected
Organophosphorus compound mg/L <1 mg/L Not detected Not detected Not detected Not detected
Table 7. Result of contaminant pH test with Powder type
Category C300-B C400-B C300-R C400-R
pH 12.3 124 17 1.8
10 10
E 8 8
=
£ —=—NaOH -=-NaOH
o) g
o 6 ——Cao 3 s —~Ca0
g - - -target strength E
= ]
2 4 » 4
[ g
g =3
0 0

(a) compressive strength
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The amount of cement(g)

200
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(b) expansion ratio

Fig. 6. Effect of NaOH and CaO
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Fig. 9. Test result of ultra rapid hardening cement
-~ 10 40
o]
- —_ ——3-7 300_15%
= 3 2 ——3-7 300_10%
£ - g 30 ---3-7300.5%
-- —
2 . o
c & -
[ c
- o 20
4 w
.g ---3-7 300_5% 5
% —3-7 300_10% E_ 10
& 2 ——3-7 300_15% o
E ;
3 o¥ 0
0 50 100 150 200 0 50 cmi]nm(hll 150 200
curing (hr) 9
(a) compressive strength (b) expansion ratio

Fig. 10. Effect of alumina addition to ultra rapid hardening cement + high early strength cement
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Fig. 11. Test result of ultra rapid hardening cement + bentonite
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Fig. 12. Relationship between compressive strength and expansion ratio
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