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Mechanical Properties of Cement Grout Including Conductive Materials
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ABSTRACT : Recently, underground spaces have been developed variously due to the concentration of the building structure in
downtown area and reconstruction of the apartment. However, various problems such as differential settlement are occurring in the
waterproof and reinforcement construction. In grouting method, which is frequently used for the ground reinforcement, quality control
was performed by measuring the injection quantity of grouting materials and performing laboratory tests using boring samples, but
it is difficult to determine whether the ground reinforcement has been performed properly during the construction stage. In order to
solve this problem, a research is needed to carry out quality control by measuring electric resistivity after grouting is performed using
grouting materials mixed with conductive materials. In this research, as a basic study of the new grouting method using conductive
materials, uniaxial compression tests were performed using cement specimen with 0, 3, 5, 7% of carbon fiber to evaluate the effect
of conductive material on the performance of grouting material. Based on the test results, the uniaxial compressive strength is
increased with the mixed proportion of the carbon fiber increase. Furthermore, the carbon fiber can also affect on the early-strength
of the grouting materials.

Keywords : Grouting, Grout material, Micro-cement, Conductive material, Carbon fiber, Unconfined compressive strength
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Fig. 1. Crystal structure of the graphite (Ahn et al., 2016)
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Table 1. Physical characteristics of carbon black (Ahn et al.,

2016)
Appearance Powder / Pellet Color Black
. o pH
D 20C 1.7~23 4.11
ensity (20©) g/ml 1 ASTM 1512)
1.25~4 3
Bulk density b/ 1t Solubility | Insoluble
20~ 640kg/m?®
Pellet 200~ 680kg/m® | Decomposition 300C
Self-igniti .
Powder 20~ 380kg/m” erention 401
temperature
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Table 2. Mix design

Contents of conductive material w/C Water Cement Conductive material Aggregate Note
(%) (%) (2 (& (€3] (€3]
0 0
3 90 Relative density
300 3000 1000 1375.4
5 150 (50%)
7 210

£ Ao AEY Aot solARARES] Eo]
o2 YEYE WIS 40}5}71 o5 EFaAeE ALa 3l

MW 50%9] A0 R FAAS AR
*l“i‘EHMW AF%P 2 FA 0%, 3%,

sl BAAI) AT - s Aol 34 0 slo] Az
A 539 7 gEsigon 299 F 79, 149, 89 +5
P MM Z7ke] 29 AT Wt Table
26} Zron] 7} AP US| B HER AR wiEule] uhe
AHAHGE AFS B3t

B AgolA ARgE AMEL SAte] o] ARAHES
Argalst vlolAzAEe] Bel-5}5t S4L Table
3, 49} .

Table 3. Physical characteristics of micro cement

Compressive
. . Setting time strength
Spem.ﬁc Flne}aess Flow (MPa/days)
gravity | (em®/g) | (%)
Initial Final 3 7 28
(min) | (hr:min)
2.96 6,800 109.3 | 240 5:30 36 52 68

Table 4. Chemical characteristics of micro cement

» ) AlLOs+  CaO+  Na,O+
Composition 510, SO,
FeO, MgO K,0

(%) 28.34 11.9 57.9 0.64 3.07

3.2.2 =X
2 Aol AR TAle 7R 780l 0.33mmojl A 0.87

mm| felof sjFsl= HARE ARSI ALl distod
7|2 EAANES AYPstea 1 ZAak= Table 59F )

Table 5. Classification characteristics of test sand

SpeCiﬁC Dy, Dm c Ydmax Ydmin
gravity (mm) (mm) ! (g/em®) | (g/em?)
2.65 0.47 0.33 1.52 1.41 1.33

3.23 M=M M=
2 AtolA A=A Az EAY] 7HE 2
fHCarbon fiber)E AR&-3IITE AR E214 54
t}3- Table 63} 7t}

Table 6. Physical characteristics of carbon fiber

Tensile Tensile Strain Density Yield tex
strength modulus %) Jem? (9/1,000m)
(MPa) (GPa) ° (g/em?) | (9/1,000m
4,900 240 2.0 1.79 800
3.3 A=
3.3.1 SAIAH M=
A7 50mm, =0] 500mm Y& o AU E 50%2]
oz ToheE oo A AR WA R At

ek BAAZL 2 F 2ste] 47 S0mm, o] 100mm

Fig. 2. Test specimen
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Table 7. Result of unconfined compressive strength test

Contents of
Curing | conductive 1 2 3 Average
days material (MPa) (MPa) (MPa) (MPa)
(%)
0 0.45 0.50 0.55 0.5
; 3 0.50 0.76 0.59 0.58
5 0.69 0.58 0.62 0.62
7 0.78 0.97 0.63 0.79
0 0.82 0.85 0.80 0.82
» 3 0.98 0.88 1.30 1.05
5 0.98 1.07 1.44 1.16
7 1.34 1.34 1.41 1.36
0 1.69 1.79 1.85 1.78
- 3 1.26 1.21 1.54 1.33
5 1.19 1.48 1.33 1.33
7 1.86 1.60 1.23 1.56
2
1.78 ® 70ays
+ A 14Days
5 y + 28 Days 186
s +
N
§, 1.33 133 1.36
g + + A
£ 12 1.16
v 1.05 A
5 A
S 0.82
2 - 0.79
5 08 A ®
- 0.62
o 0.58
& 05 [ ] ®
S [ J
§ 0.4
0
0 1 2 3 4 5 6 7
Mixing ratio(%)

Fig. 4. Unconfined compressive strength by curing days with
regard to the mixing ratio
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Unconfined compressive strength(MPa)
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Fig. 5. Unconfined compressive strength by curing period
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