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)e grouting is used to reinforce soft ground and to prevent the leakage of water in the soil.)e objective of the study is to enhance
the compressive strength of grout materials by using reinforcing fibers and to increase the strength of soil using blast furnace slag
powder. For this purpose, cement was replaced with the blast furnace slag powder by 30 to 60%. Furthermore, for comparison of
carbon fibers with aramid fibers, each fiber was added by 0, 0.5, and 1.0% of the weight of material. As the contents of carbon fibers
and aramid fibers increased, the uniaxial compressive strength increased. )is is due to the interlocking of fibers in the grout
material that increased the uniaxial compressive strength. Moreover, the grout material reinforced with aramid fibers showed an
increase of uniaxial compressive strength by at least 20% compared to the carbon fibers. An environmental assessment was done
through a heavy metal leaching test and a pH test. )e test result reveals that about 50% of chromium (VI) leaching decreased as
30%more blast furnace slag powder was used but the pH test shows about 0.5 pH increased as 30%more blast furnace slag powder
was used. Further study is necessary for the pH test.

1. Background and Objective

)e grouting method is generally used for reinforcing un-
stable slopes and stopping water leaks in embankments or
dams. However, too much use of cement for grouting results
in environmental contamination for living. An extensive
effort is required for recycling the wastes and byproducts
discharged from industries and reducing emitted carbon
dioxide (CO2).

To address this issue, although Choi [1] studied engi-
neering characteristics of the eco-friendly SSG (self-healing
smart grouting method), he could not exclude environ-
mental contamination depending on the contents of so-
dium silicates for gel time, and Park [2] conducted the
applicability test of biogrouting using eco-friendly mi-
croorganisms on sandy ground, but that was more ex-
pensive than OPC.

As described above, the ordinary Portland cement
causing most environmental problems accounts for 3 to 7%
of globally emitted CO2. Assuming that about 0.9 tons of

carbon dioxide are emitted when producing one ton of
cement, about 54 million tons of carbon dioxide are emitted
every year in Korea because Korea produces about 60
million tons of cement every year.)is accounts for 88.6% of
emitted greenhouse gas contribution of Korea, indicating
that cement substitutes should be developed in different
sectors [3].

In this request, an increasing effort has been made to
replace a given portion of cement with industrial byprod-
ucts. )e blast furnace slag powder currently discussed is a
typical byproduct discharged from the steel manufacturing
process and discarded as industrial wastes but now used as
aggregate for banking, bricks and aggregate for concrete, and
a powdery admixture for concrete. In particular, the effort
for developing the concrete without cement or construction
materials using the reaction between the alkali stimulant and
blast furnace slag will contribute to using the blast furnace
slag as an eco-friendly material for resource circulation to
conserve natural resources and reduce energy consumption
and carbon dioxide [4].
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Moreover, a property of materials including cement is
vulnerable to tension and horizontal forces, and FRC (Fiber-
Reinforced Concrete) is used to address the issue. Although
Romualdi and Gordon [5] identified the mechanism of the
FRC method to prove its superiority, more studies are re-
quired to apply the method to grouting.

)is study is to develop a reinforced grout material for
reducing part of cement used by using blast furnace slag
powder as a substitute to solve the problem in the ground
environment and utilize 0.5% and 1.0% (in weight) of ar-
amid fibers and carbon fibers as reinforcing fibers, respec-
tively. )is study aims to address some of the typical
problems in grouting and to improve grouting method.

2. Previous Studies

)e grouting method has been used in the construction
industry in Korea since the construction of the Seoul Subway
and the Busan Subway Projects in 1970s. After that period,
various grouting methods including the LWmethod and the
SGRmethod were introduced in Japan in 1980s and are used
currently in many construction sites. In the 1990s, durability
of chemical liquid was a concern to result in developing
durable grout materials including colloidal silica sol. In the
2000s, the global environmental issues have emerged to
develop eco-friendly liquid, for example, the no-cement or
SSG method.

Recently, alkali-activated cements through alkali-acti-
vation reaction based on the blast furnace slag have been
studied [6–9]. )ey are evaluated as a substitute of the
ordinary Portland cement. )e material, called an “alkali-
activated cement” or “geopolymer,” is produced through
alkali-activator’s reaction between aluminosilicate-based
raw materials, sodium silicate (Na2SiO3), and sodium hy-
droxide (NaOH) in the blast furnace slag.

)e blast furnace slag contains a lot of Ca components
and is mixed with fly ash and used for producing geopolymer
to enhance its reaction and improve the performance of
matrix [10–12]. It creates C-S-H gel and C-(A)-S-H similar
to the hydrate of ordinary Portland cement at the early stage
of reaction [13] and facilitates aluminosilicate gel formation
of fly ash [14]. However, fast reaction of the blast furnace slag
is a factor lowering flow performance and causing drying
shrinkage [15].

In Korea, a few researchers have studied concrete pro-
duced by using the blast furnace slag powder and how to
replace a given portion of cement with the blast furnace slag
powder. )e studies by Kim et al. [16] and Jeong et al. [17]
about the blast furnace slag powder are mainly focused on
how to use it simply as recycled aggregate. Many researchers
have studied how to recycle strong aggregate in terms of cost
effectiveness to develop eco-friendly mortar.

Moreover, many studies have focused on how to find
ideal substitution ratios and powder levels of the blast
furnace slag powder in order to analyze constructability and
physical characteristics in construction sites. Jo [18], Jang
and Ji [19], Han et al. [20], and Kim et al. [21] measured
compressive strength and characteristics of the cement
matrix depending on substitution ratios of cement and the

blast furnace slag powder. )e analysis shows a better flow
and slightly less air with higher substitutions. Lower strength
than ordinary cement in an initial stage was shown based on
the 28th curing day, but there was equivalent or higher
strength thereafter.

Lee [22] studied performance of concrete materials using
the blast furnace slag powder and recycled coarse aggregate
and conducted an experiment about engineering charac-
teristics and durability of concrete using a lot of blast furnace
slag powder.

Kim [23] substituted blast furnace slag powder as much
as 20% and 40% and used carbon fibers to develop a grout
material for cutoff.)e uniaxial compressive strength test on
homo-gel showed that more blast furnace slag powder
contributed to less uniaxial compressive strength and more
carbon fibers contributed to increasing the uniaxial com-
pressive strength of specimen.

Fiber reinforcement refers to the method of mixing short
and thin fibers randomly with cement-based or polymer-
based materials to enhance bending, tensile strength,
toughness, and energy absorption capability [24]. Rein-
forcement by mixing fibers with cement-based materials
attracted people’s attention while Romualdi and Batson
proved the good point of FRC (Fiber-Reinforced Concrete)
to enhance toughness in 1963 [8].

Many experimental studies have proved that steel fibers
are a type of reinforcement material effective for enhancing
bending, tensile strength, and toughness of cement com-
posites [25, 26], and reinforcement performance depends on
fiber shapes and mixing ratios. )e characteristics of bonded
steel fibers are a very important factor to fiber reinforcement
[27, 28].

Recently, the method for bonding fibers has been studied
for each fiber variable, and another study is being carried out
about the method of reinforcing cement composites by using
different types of fibers, in other words, hybrid steel fibers
[29, 30].

As described above, most previous studies about using
the blast furnace slag powder are about using it as a resource
instead of recycling aggregate or cement in concrete and
using it as a grout material should be further studied. Al-
though several studies about reinforcing fibers proved better
strength against tensile forces and bending in cement, using
them as a grout material should be further studied.
)erefore, this study aims to use the blast furnace slag
powder as a cement substitute resource and develop a
reinforced grout material for increasing tensile forces and
horizontal forces and enhance seismic performance.

3. Materials for Grouting Methods

3.1. Overview of Grouting Method. )e grouting method
aims to inject a cement into the ground at a given pressure to
improve the properties of ground. )e injected liquid in-
creases its strength and hardness while it is cured over time
after injection. )e strength and hardness after curing are
shown to be different depending on various properties of
components of injected materials, and different cement is
injected for a desired purpose.
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)e category of improved properties of ground by in-
jection is classified into 4 types of cutoff for ground, reduced
permeability, reduced ground deformation, and increased
ground strength. )e properties of injected material vary
significantly with the characteristics of material (soil grain
size, specific gravity, fineness, permeability coefficient, type
of constituents, and mixing ratio, etc.) to exhibit very dif-
ferent permeability and reinforcement effects.

3.2. Reinforcing Fibers. A reinforcing fiber called a super
fiber has a strength equal to or greater than the strength of
metals, and exemplary reinforcing fibers include aramid
fibers, carbon fibers, and flon fiber used as a composite
material along with plastics or metals rather than used in-
dependently. )ey are called a fiber-reinforced metal or
fiber-reinforced plastic. Typical super fibers include carbon
fibers and para-aramid fibers.

Reinforcing fibers are required to meet strength of at
least 20 g/denier and elasticity of at least 50 g/denier. )e
unit for yarn thickness that is shown for fibers is g/denier,
and 1 g/denier is defined as 1 g per 9, 000m for yarn weight.
1 g/denier can be converted into SI units of 0.1111 g/km.

As describe above, Kim [31] studied reinforced concrete
mixed with aramid fibers, and Yang [32] studied the rein-
forcement effect of the grouting method for using aramid
fibers. Kim [33] studied a cutoff grouting method for using
blast furnace slag and carbon fibers, but more studies are
required about the hydration reaction and substitution with
the blast furnace slag, as well as environmental assessment.
)erefore, this study aims to address the issues and conduct
comprehensive comparison and analysis of the carbon fibers
and the aramid fibers.

3.3. Aramid Fibers. )e aramid fibers were successfully
developed to be a fiber with the strength of glass fibers and
the thermal resistance of asbestos in 1965 is a synthetic fiber
based on aromatic polymers and different from nylon of
aliphatic polyamides. Aramid fibers are classified into the
para-aramid fibers and meta-aramid fibers depending on the
combination unit of combined aromatic rings. )e meta-
aramid fibers are very good in terms of high-temperature
resistance, and the para-aramid fibers are very elastic and
strong. In particular, the elasticity of para-aramid fibers is
500 to 1, 000 g/denier, and their tensile strength is at least
20 g/denier. Moreover, because the fibers’ dissolution tem-
perature is above 400°C and it can keep their characteristics
as a fiber below −160°C, this implies very good cold and heat
resistance, as well as high durability. Because the aramid
fibers have different properties from other organic fibers and
implement good performance cost-effectively, they are high-
value-added material. After the first industrialization, they
have been used in various related industries, for example,
industrial material purposes including bullet-proof and
protective applications, ropes, composite materials, cables as
a type of nonwoven fabrics, yarns, and textiles, as well as
applications to information and communication, vehicles,
national defense, and aerospace purposes [34].

3.4. Carbon Fibers. Carbon fibers refer to carbon material of
fiber length made of carbon atoms accounting for at least
90% for the mass, and examples thereof are PAN-based
carbon fibers and pitch-based carbon fibers depending on
raw materials, and another example is cellulose-based car-
bon fibers. )e PAN-based carbon fibers have properties of
high strength and high elasticity through thermal stabili-
zation and carbonization for precursors (polyacrylonitrile
fibers) and are widely used for materials in the aerospace and
other industries, sports, and leisure industry. )e pitch-
based carbon fibers are derived from carbonizing pitch
precursors (coal tar or heavy oil-based pitch fibers) and can
have different properties of low elasticity, high elasticity, and
high strength depending on manufacturing conditions.
Superelastic products are used for various applications be-
cause of high thermal and electric conductivity in addition to
high strength [34].

Figure 1 shows the reinforced fibers used in the
experiment.

Table 1 shows the physical properties of the fibers.

3.5. Blast Furnace Slag Powder. )e blast furnace slag
powder is a material of potential hydraulicity, and its curing
is facilitated by the action of calcium hydroxide or sulfate
when mixed with the Portland cement, although its curing
property is not great to obtain properties not obtained from
the Portland cement.

)e blast furnace slag powder has advantages of reducing
the speed of hydration heat generation, inhibiting rising
concrete temperature, improving long-term strength, im-
proving water tightness, inhibiting corrosion of reinforcing
bars by preventing chloride-ion penetration, improving
chemical resistance by sulfate, inhibiting alkali reaction, and
facilitating flow. )erefore, it can be used as a mixing
material to obtain ideal properties of concrete used. Al-
though the blast furnace slag powder is generally used as
blast furnace cement in Korea, it is necessary to use the ideal
properties of blast furnace slag powder more efficiently and
to design specifications of the blast furnace slag powder and
use it as a mixing material for concrete.

4. Laboratory Experiment

4.1. Experiment of Uniaxial Compressive Strength of Grout
Material. )e purpose of grouting method is to inject a
cement into the ground at a given pressure to improve the
properties of ground. )e injected liquid is cured over time
to increase its strength and hardness after injection.

)e sand-gel specimen to be measured in this study is
composed of 80% of soil specimen and 20% of a grout
material to measure the uniaxial compressive strength of
soil specimen and thus evaluate the ground improvement
material. Since a specimen is not formed when sodium
silicate 3 for sand-gel is mixed with water but sodium
silicate 3 lowers ground strength, sodium silicate 3 was not
considered in this mixing ratio. It was expected that as the
mixing ratio of aramid and carbon fibers as reinforcing
fibers increases, the fibers in the specimen are combined
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with the cement to function as threaded reinforcing bars
to enhance resistance. It was also expected that the in-
creasing surface oiling ratio contributes to improving
fiber dispersion capability, implying effectiveness in
preventing fibers from being lumped and thus controlling
cracks. )e specimen was prepared as follows. All the
ingredients were prepared and mixed carefully. After that,
they were poured into the mold and compacted five layers.
)erefore, the specimens were produced with the same
unit weight.

)e sand is classified as SW (well-graded silica sand)
according to the Unified Soil Classification System (USCS)
and the particle size distribution curve is shown in Figure 2.
For this experiment, sand was weathered soil, OPC (ordi-
nary Portland cement) was cement, slag (blast furnace slag
powder) was blast furnace slag fine powder, Ca(OH)2 was
calcium hydroxide, and W was water.

Tables 2 and 3 illustrate the mixing ratios for measuring
the uniaxial compressive strength of sand-gel for each fiber
type. As shown in Table 2, some fibers were added to liquid B
(combination of materials) which is the combination of
OPC, blast furnace slag powder, calcium hydroxide, and
water. )is grout can be injected into the ground like a
typical permeation grout method. Generally, 0.5% of fiber is
used for reinforcing fiber groutings. So, we utilized 0.5% of
aramid fiber and 1.0% of carbon fiber as reinforcing fibers to
investigate the effects of mixing rate on the strength of the
grout. When using grouting methods, heterogeneity in the
field is generally a concern. )is may not be considered in
laboratory element experiments and this should be further
investigated in the field.

)e mold used in this study is a round mold sized 5 cm
(D)× 10 cm (H) for which the ratio of diameter to height was
1 : 2. )e experiment mold was made of cast iron, and the

lubricant was applied thinly to the inner side of the mold to
minimize specimen deformation in the process of mold
removal.

)e injected material was mixed and shaped in the
prepared mold according to the mixing ratio. )e specimen
was removed from the mold 24 hours after putting the in-
jectedmaterial in themold and 3 specimens were air-dried for
curing for 3, 7, 14, and 28 days to get averages. For the analysis
of the results, the number of specimens used in the experi-
ment was 192 in the case of aramid fiber and 108 in the case of
carbon fiber, and a total of 300 specimens were destroyed.

Figure 3 shows the process of uniaxial compression
experiment test.

4.2. SEM and EDX Experiment. Figure 4 shows an SEM
(scanning electron microscope) used as an instrument for
SEM analysis. )e SEM can examine behaviors of soil
particles in the specimen, and an analysis was conducted to
compare behaviors of the nontreated specimen with those of
soil particles containing aramid and carbon fibers as rein-
forcing fibers.

EDX (energy dispersive X-ray spectrometer) can show
the atoms appearing on the surface of soil particles and
examine chemical changes of the soil particles, and EDX was
used to compare Si and Ca contents in the fine powder of
blast furnace slag according to the mixing ratio.

4.3. Environmental Assessment. Although there is a growing
concern about environmental harms including alkali (pH)
and heavy metals (Cr6+) because of grout materials releasing
toxic materials, there is no established method for testing the
toxic material leaching from grout materials at present in
Korea. Most methods for testing heavy metal leaching
provide regulations about landfill wastes, complying with
the KSLP (Korea Standard Leaching Procedure) for exam-
ining whether the wastes are included in the specified wastes.

4.4. Testing Heavy Metal Leaching. )e KSLP as a standard
for testing material leaching was applied to testing the heavy
metals. )e specimen was produced by crushing the water

(a) (b)

Figure 1: Experimental fiber: (a) aramid fiber; (b) carbon fiber.

Table 1: Physical properties of general carbon fiber and aramid
fiber.

Classification Aramid fiber
(g/denier)

Carbon fiber
(g/denier)

Tensile strength 20 20∼45
Modulus of elasticity 500∼1000 1400∼3000
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glass-based caking specimen so that it can pass through the
2mm sieve after drying at 105°C for one hour because of the
moisture in the specimen after caking. After the preparation
process, the specimen was preprocessed according to the
method for preparing specimens by taking at least 100 g of
prepared specimen to mix it with the solvent (ml) made by
putting hydrochloric acid in distilled water to implement pH
between 5.8 and 6.3 at the ratio of 1 :10 (W :V) in a 200ml
Erlenmeyer flask.

After the specimen was shaken continuously for 6 hours
by means of a shaker of which the amplitude/shaking/
minute is about 4 to 5 cm for shaking it about 200 times at
room temperature and the atmospheric pressure, the mix-
ture was filtered with a 1.0 μm glass fiber filter. )e filtered
liquid was preprocessed to conduct the heavy metal de-
tection test.

4.5. pH Test. As the aramid fibers and the carbon fibers as
reinforcing fibers in the specimen are not related to pH like
the heavy metal leaching test, the pH test was conducted
with an increase in the contents of blast furnace slag powder.
)erefore, the mixing ratios of C :B 100 : 0, 70 : 30, and 40 :
60% were analyzed, and contamination of the harmful water
leaching into the ground was measured to examine the effect
of grout materials used for cutoff and ground reinforcement.

For pH analysis, the specimen was immersed in water for
30 minutes to measure pH for the initial stage, 0.5, 1, 3, 6, 12,
24, and 48 hours as illustrated.

5. Findings from Experiment

5.1. Findings from Testing Uniaxial Compressive Strength of
Sand-Gel. )e purpose of grouting method is to inject a
cement into the ground at a given pressure to improve the
properties of ground. )e injected liquid is cured over time
to increase its strength and hardness after injection.

5.1.1. Results from Testing Uniaxial Compressive Strength
according to Mixing Ratio of OPC : B. As shown in
Figure 5(a), the uniaxial compressive strength over time was
analyzed in C :B of 100 : 0, 70 : 30, and 40 : 60% for the
nontreated specimen, showing the lowest strength of
3.35MPa for 100 : 0% and the highest strength of 3.86MPa
for C :B of 40 : 60% on the 3rd curing day. )e strength on
the 28th curing day was the lowest, 4.91MPa, for C :B of
100 : 0%, and the highest, 6.71MPa, for C :B of 40 : 60%.

Figures 5(b) to 5(e) show the lowest strength for C :B of
100 : 0 but the highest strength for C :B of 40 : 60% on the 3rd
and 28th curing days.

)e thin film surrounding the surface of blast furnace slag
powder was removed with calcium hydroxide ions to raise
long-term hydration heat, and this contributed to enhancing
long-term strength depending on the contents of blast furnace
slag powder, which is different from previous studies.

5.1.2. Result of Testing Uniaxial Compressive Strength
Depending on Each Fiber and OPC : B Mixing Ratio.
Figure 6 presents the uniaxial compressive strength over
time according to fiber contents. As the mixing ratios of the
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Figure 2: Particle size distribution curve of sand.

Table 2: Mixing ratio for measurement of uniaxial compression
strength of grout materials using aramid fiber.

A B liquid Fiber

Sand OPC Slag Ca(OH)2 Water Oiling agent
(%)

Aramid
(g) (g) (ml) (ml) (g)

350

70 0 0 50 0.7 0%(100%) (0%)
49 21 21 29 0.35

(70%) (30%)
1.2

(0.5%)
28 42 42 8 0.7

(40%) (60%) (1.0%)

Table 3: Mixing ratio for measurement of uniaxial compression
strength of grout materials using carbon fiber.

A B liquid Fiber

Sand (g) OPC Slag Ca(OH)2 Water Carbon
(g) (g) (ml) (ml) (g)

350

70 0 0 50 0%(100%) (0%)
49 21 21 29 0.35

(70%) (30%) (0.5%)
28 42 42 8 0.7

(40%) (60%) (1.0%)
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aramid fibers and the carbon fibers increased by 0.5%, the
uniaxial compressive strength was high on all of 3rd, 7th,
14th, and 28th curing days. )is implies that better bonding
between cement and fibers tackles the stress by axial load in
the specimen. Furthermore, the aramid fibers showed high
uniaxial compressive strength on all of 3rd, 7th, 14th, and
28th curing days with an increase of 0.5% in the surface
oiling rate, implying that surface oiling made aramid fibers

flow better to contribute to raising the capability of fiber
dispersion and thus uniform mixing in the specimen.

When OPC :B was 40 : 60%, the nontreated specimen
showed the highest strength of 6.71MPa on the 28th curing
day, and the specimen with carbon fibers showed 7.48MPa,
but the specimen with aramid fibers showed 8.09MPa as
fibers increased as much as 1.0%, suggesting 0.77MPa and
1.38MPa higher than the nontreated specimen, respectively.

Table 4 shows the results of the test for uniaxial com-
pressive strength of the sample according to the mixing ratio
and curing period.

5.2. SEM and EDX Analysis

5.2.1. Uniaxial Compressive Strength according to Mixing
Ratio of OPC : B. )e SEM test is conducted to examine the
mechanism of combination between aramid fibers, cement,
and blast furnace slag powder in the grout material
depending on the properties of reinforcing fibers. )e
material specimen detached in measuring the uniaxial
compressive strength was used to analyze the nontreated
specimen without reinforcing fibers of C :B 100 : 0% and the
specimenmixed with 1.0% of aramid fibers for C :B 100 : 0%.
Figure 7(a) shows a photo of the specimen without rein-
forcing fibers for C :B 100 : 0% taken with an SEM at

Figure 4: ScanningElectron Microscope.

(a) (b) (c)

(d)

Figure 3: Process of uniaxial compression test: (a) material mixing; (b) aerial curing; (c) uniaxial compression test; (d) shape of test
specimens after test.
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magnification of 250x, and Figure 7(b) shows a photo of the
specimen surface at magnification of 500x. It is shown that
many grains were piled on the specimen surface, and they
were identified cement fragments.

)e specimen containing 1% of aramid fibers for C :B
100 : 0% was analyzed with an SEM to show the specimen
surface at 100x and 500x, shown in Figures 8(a) and 8(b). As
shown in Figure 8, because the cured specimen in which the
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Figure 5: Analysis of uniaxial compressive strength by C :B mixing ratios: (a) results of uniaxial compression test from nontreated
specimen; (b) results of uniaxial compression test for O :A� 1.2 : 0.5%; (c) results of uniaxial compression test for O :A� 1.2 :1.0%;
(d) results of uniaxial compression test for C� 0.5%; (e) results of uniaxial compression test for C� 1.0%.
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aramid fibers were combined with the grout material be-
haves as one body with the aramid fibers, the fibers in the
specimen function as threaded reinforcing bars in shear
fracture of the specimen to resist on the shear failure plane
and thus increase the compressive strength, as confirmed by
Figure 6.

5.3. EDX Analysis. )e specimen crushed after measuring
the uniaxial compressive strength was sampled to conduct
the EDX analysis. Because the findings were different
depending on the sampling locations, the sample was taken
from 3 locations of one specimen for measuring uniaxial
compressive strength to use the average.

)e EDX analysis reveals that the main components of
this mixing ratio are O (oxygen), C (carbon), Ca (calcium),
and Si (silicon). Furthermore, it was identified that the el-
ements of Al (aluminum), Mg (magnesium), and Na (so-
dium) in the contents less than 10% were from the cement
and the blast furnace slag powder.

As illustrated in Tables 5 to 7, more blast furnace slag
powder resulted in more Si and Ca. It is considered that
more contents of blast furnace slag powder with a great
specific surface area increased contents of Si and Ca because
the cement and the blast furnace slag powder are composed
of similar minerals.

5.4. Environmental Assessment

5.4.1. Analysis of Leaching Test. Most methods for analyzing,
evaluating, and testing heavy metal leaching comply with the
KSLP (Korea Standard Leaching Procedure) in Korea. Korea
adopts 10 for LSR (Liquid Solid Ratio) which is a ratio of
specimen leaching to solvent leaching, and 6 hours are
specified for leaching time.

)e heavy metal leaching test showed 0.467 for C :B of
100 : 0% and 0.092 for C :B of 40 : 60. Moreover, as 30%more
blast furnace slag powder was used, about 50% of chromium
(VI) tended to decrease. It is considered that the heavy metal
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O:A 1.2 : 1.0% , 
OPC:B 70:30%

(b)

3 7 14 28
day

q u
 (M

Pa
)

3
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8

9

Nontreatment
OPC:B 40:60%
C : 0.5%, OPC:B 40:60%
C : 1.0%, OPC:B 40:60%

O:A 1.2 : 0.5%,
OPC:B 40:60%
O:A 1.2 : 1.0%, 
OPC:B 40:60%

(c)

Figure 6: Analysis of uniaxial compressive strength by fiber contents: (a) results of uniaxial compressive test for OPC :B� 100 : 0%;
(b) results of uniaxial compressive test for OPC :B� 70 : 30%; (c) results of uniaxial compressive test for OPC :B� 40 : 60%.
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Table 4: Results of uniaxial compressive strength test of sand-gel.

Classification Uniaxial compressive strength (MPa)
Fiber contents OPC :B 3rd day 7th day 14th day 28th day

Nontreated specimen
100 : 0% 3.35 3.78 4.52 4.91
70 : 30% 3.68 4.72 4.98 5.39
40 : 60% 3.86 5.04 5.65 6.71

O :A� 0.7 : 0.5%
100 : 0% 3.63 4.39 4.72 5.14
70 : 30% 4.47 5.03 5.22 5.75
40 : 60% 4.66 5.48 6.24 7.22

O :A� 0.7 :1.0%
100 : 0% 4.26 4.78 5.13 5.84
70 : 30% 4.86 5.59 5.72 6.13
40 : 60% 5.50 5.94 6.61 7.43

O :A� 1.2 : 0.5%
100 : 0% 4.02 4.53 4.85 5.74
70 : 30% 4.69 5.38 5.54 6.09
40 : 60% 5.10 5.81 6.56 7.26

O :A� 1.2 :1.0%
100 : 0% 4.43 5.23 5.54 6.50
70 : 30% 5.00 5.84 6.00 7.05
40 : 60% 6.10 6.26 7.36 8.09

C� 0.5%
100 : 0% 3.70 4.40 4.89 5.40
70 : 30% 4.20 4.96 5.32 6.00
40 : 60% 4.89 5.46 6.33 6.98

C� 1.0%
100 : 0% 4.25 4.96 5.40 6.10
70 : 30% 4.70 5.42 5.72 6.80
40 : 60% 5.35 5.92 6.92 7.48

(a) (b)

Figure 7: SEM photos without fibers: (a) specimen surface, 250x; (b) specimen surface, 500x.

(a) (b)

Figure 8: Continued.
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(c) (d)

Figure 8: SEM photos of reinforcing fibers: (a) specimen reinforced with a large amount of aramid fibers (250x); (b) specimen reinforced
with a large amount of aramid fibers (500x); (c) sample reinforced with a large amount of carbon fibers (250x); (d) sample reinforced with a
large amount of carbon fibers (500x).

Table 5: Findings from EDX analysis for C :B of 100 : 0%.

Sample Graph Contents of elements

C :B (100 : 0)

50

0

cp
s (

eV
)

0 5 10 15 keV

Spectrum 2

Mineral Contents of elements (%)
O 45.26
C 17.26
Ca 14.37

Si 13.40

Table 6: Findings from EDX analysis for C :B of 40 : 30%.

Sample Graph Contents of elements

C :B (70 : 30)

50

0

cp
s (

eV
)

0 5 10 15 keV

Spectrum 4

Mineral Contents of elements (%)
O 45.58
Si 16.36
Ca 16.10

C 15.06
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components in the Portland cement and the blast furnace
slag powder were fixed through hydration reaction and then
chemical coupling to result in slight leaching of the heavy
metals. Although the heavy metal leaching test in the
conventional LW method is different, Oh (2015) argues the
LW method showed 0.662 which means smaller leaching of
heavy metals than conventional methods.

As a very little amount of heavy metal (chromium (VI))
leaching smaller than the standard of harmful heavy metal
leaching specified in the Waste Control Act as a harmful
substance leaching standard was observed, it was identified
that the harmful impact on the environment was not great.

5.4.2. Analysis of pH Test. )e tendency of alkali (pH)
elution characteristics of the specimen is shown in Figure 9.
For C :B of 100 : 0%, the pH test showed 10.38 after 48 hours,
10.89 for C :B of 70 : 30%, and 11.31 for C :B of 40 : 60%,
implying that pH increased by 0.5 as 30%more blast furnace
slag powder was used. )is means greater specific surface
areas increased the pH levels because of the small diameter
of blast furnace slag powder. )erefore, it is necessary to use
plasticizers in consideration of the impact on the

environment to inhibit pH rise and reduce heavy metal
leaching through antiwashout capability of the grout ma-
terial for cutoff.

6. Conclusions

)is study aims to develop a reinforced grout material of
ideal compressive strength by mixing aramid and carbon
fibers as reinforcing fibers with blast furnace slag powder
and cement. For the mixing ratios of mixed materials, the
uniaxial compressive strength (3rd, 7th, 14th, and 28th
curing days) of sand-gel as a groutmaterial wasmeasured for
each fiber. SEM and EDX analysis and environmental as-
sessment were conducted depending on mixed materials to
evaluate and verify the basic performance of the grout
material to be developed. )e conclusions drawn from the
study are as follows:

(1) )e uniaxial compressive strength of sand-gel was
measured to show the highest on the 3rd and 28th
days for C :B of 40 : 60%. Moreover, when 1% of
carbon fibers were added, the uniaxial compressive
strength increased by about 10% and by more than
20% when 1% of aramid fibers were added to imply
that the aramid fibers and the carbon fibers as
reinforcing fibers were effective as a reinforcing
material in the sand-gel to enhance durability.

(2) )e SEM analysis reveals that the integrated be-
haviors of the reinforcing fibers in the grout material
contributed to an enough increase in strength.
Furthermore, the EDX analysis reveals that more
blast furnace slag powder contributed to increasing
Si and Ca contents, implying that this is attributable
to an increase in the amount of blast furnace slag
powder with great specific surface areas.

(3) )e leaching test for environmental assessment ex-
hibits that chromium (VI) leaching as one of
leaching heavy metals decreased by about 50% as
30% more blast furnace slag powder was used. It
appears that the heavy metal components were fixed
through chemical coupling and hydration reaction
between the cement and the blast furnace slag
powder.

0 0.5 1 3 6 12 24 48
h

9

9.5

10

10.5

11

11.5

12

12.5

13

pH

C:B 100:0%
C:B 70:30%
C:B 60:40%

Figure 9: Findings from pH test.

Table 7: Findings from EDX analysis for C :B of 40 : 60%.

Sample Graph Contents of elements

C :B (40 : 60)

50

0

cp
s (

eV
)

0 5 10 15 keV

Spectrum 6

Mineral Contents of elements (%)
O 41.63
Ca 19.89
Si 17.27

C 13.63
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(4) )e pH test reveals that pH increased by about 0.5 as
30% more blast furnace slag powder was used, im-
plying that the small diameter of the blast furnace
slag powder to result in greater specific surface areas
increased pH. It is necessary to further study the
environment for pH to use the antiwashout material
depending on site conditions.
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