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Abstract
The purpose of this study was to investigate the durability performance of concrete that includes rice husk ash.
Chloride diffusion coefficient obtained through a rapid chloride penetration test and depth of CO. penetration obtained
through a rapid carbonation test were used to evaluate latent durability. Durability characteristics for rice husk ash
replacement and age were determined. Through the experiment, it was found that when the replacement ratio of rice
husk ash was increased from 0% to 1096, the compressive strength of concrete containing rice husk ash was similar
to that of concrete containing silica fume. This shows that the durability performance of concrete containing rice husk

is excellent compared to other concretes containing admixtures.
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1. Introduction

1.1 Research objective

Perceived as a semi—permanent material with
good durability, rebar concrete is in wide use for
civil engineering and construction structures, But
if chloride penetration and neutralization cause
chloride and COs to penetrate into concrete, they
facilitate rebar rust, and early deterioration or
cracks can develop as a consequence[1,2].

To prevent the damages that can be caused by
the penetration of rebar rust ions from outside,
the

tightened, The application of an admixture is the

internal structure of concrete should be
most widely used method of controlling the ions to
improve the internal structure of concrete and

keep chloride from moving or penetratingl3]. Of
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the mineral admixtures, the blast furnace slag(BFS)
that is generally used has a relatively low initial
strength compared with OPC, fly ash(FA) does not
provide a constant quality level, and silica
fume(SF) has good performance but is expensive
and is not produced in Korea[4].

For this reasons, rice husk ash(RHA) is being
the

admixtures, as it has similar chemical properties

considered as a substitute for existing

and shows pozzolanic reaction,
More than 1.5 million tons of RHA is available
it generated as an  agricultural

because is

byproduct, and it can be recycled in a large
quantity as a construction material [5,6],

In addition, considering its chemical properties,
SiOy accounts for more than 90%, and the particle
size is small, controlling and slowing the
movement of ions., The performance of RHA is
similar to that of silica fumel[7,8,9].

Likewise, RHA is currently being studied as a
substitute for SF due to its filling effect and
pozzolanic reaction, When added to concrete, it is

believed that it will improve the resistance to
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rebar of concrete structures by suppressing the
penetration of chloride ions and COs from outside,
this
understand durability performance according the

From this perspective, study aims to

amount of RHA by performing a comparative
of the strength  of

RHA-mixed concrete and existing admixture—mixed

analysis compressive
concrete, referring to the coefficient of chloride
diffusion and facilitated neutralization tests,

1.2 Research method and scope

For this study, rice husk was incinerated at 600TC
for four hours and then the concrete was
manufactured according to mix proportion, and was
compared with concretes that used conventional
admixtures,

To evaluate the basic physical properties of the
concrete with rice husk ash, the compressive
strength of each specimen was measured, and to
observe the chloride penetration and resistance
facilitated
neutralization test and chloride penetration test
were conducted based on NT—Build 492, Based on
the tests,

neutralization depth were measured, and then a

performance against neutralization,

chloride penetration coefficient and

comparative analysis was performed to assess the
durability performance of the concrete with rice
husk ash.

2. Experiment plan
2.1 Test materials
2.1.1 Cement
The cement used in this study is Ordinary

Portland Cement(OPC) produced in Korea, and its
physical properties are indicated in Table 1,
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Table 1. Chemical and Physical properties of cement

Type Type | Portland Cement
Fineness(cm?/g) 3,266
Density(cm?/g) 3.15

SICe 2071 CS 4820
AlOs 5.56
Senca 0 ong
(%) Ca0 62.25 oom(pif/)?ltlon
MgO 340 ° CA 9.60
SOs 250
LOl 1.42 CAF 920

2.1.2 Aggregate

Crushed stone less than 19mm in diameter was
used as coarse aggregate, and river sand less than
omm in diameter was used as fine aggregate, The
grain sizes of coarse and fine aggregate were
adjusted to be within
distribution, The physical properties
aggregate are indicated in Table 2,

standard grain size

of the

Table 2. Chemical and physical composition of aggregate

Tvpe Coarse Fine
P Aggregate Aggregate
Maximum size of
19 5
aggregate (mm)
Fineness Modulus 6.8 2.85
Specific Garawty 057 057
(glcm®)
Absorption(%) 1.32 2.33
Bulk Density of 1,700 1,750

Aggregate (kg/m®)

2.1.3 Admixture materials

Three types of BFS and two types of FA were
used as admixture in the research, In addition,
condensed SF manufactured in Norway was also

used,



Table 3. Chemical properties of mineral admixture

Ground

Composition (%) Granulated Blast ~ Fly Ash Silica
Fume
Furnace Slag

SiO2 34.29 61.20 92.01
CaO 4241 1.82 0.60
AlO3 13.19 2492 2.00
FexOs 0.59 463 2.00
MgO 411 0.62 0.60
SOs 317 - -
KO 0.31 0.96 -

2.1.4 Rice Husk Ash(RHA)

RHA was crushed wusing Ball Mill after

incineration of the rice husk produced in K region
in an electric furnace at 600C, and its physical

properties are indicated in Table 4,

Table 4. Chemical and physical properties of rice husk

2.2 Test specimens

2.2.1 Test factors and level

To review the impact of RHA—mixed concrete on
the resistance to rebar rust, the mixing proportion
of RHA was set as the main test factor,

As the test factors, the mix design was set to
meet target slump of 120£25mm and air content
of 45+1.5%, In addition, the mix proportion of
RHA was set at 5, 10, 15, and 20%, and it was

mixed to concrete, To perform a comparative

analysis of the compressive strength of the
RHA—mixed concrete and the existing
admixture—mixed  concrete, specimens  were

manufactured with mix proportion of FA was set
at 10 and 20%, of BFS was set at 10, 20, and

Fineness(m’/g) 30,000
g 30%, and of SF was set at 5 and 10% based on
Density(cma/g) 2.10 . . . . .
Y gso 6015 the literature review, Table 5 is the mix design
i 2 71 . . . .
ALOs 0113 used in the experiment, and the evaluation items
Chemical Fe:0s 0.076 are shown in Table 6.
composition Ca0 0278 ) '
(%) o 0'253 To mix concrete, coarse and fine aggregate were
9 : ) .
N&:Os 0.884 input and dry mixed for 30 seconds, and then
LO.l 7.98 cement and water were added and mixed for three
Table 5. Mixing design of Concrete
King of Specific Weight(gf)
INa O .
. Binder
Mixture W/B Si A Water Coarse Fine
Cement ~ Ground Granuigied Blast gy pgn S8 Aggregate  Aggregate
Plain 300 838 960
GF10 270 30 837 959
GF20 240 60 836 958
GF30 210 ) 835 957
FA10 270 30 833 955
FA20 240 60 829 950
SF5 % 285 5 165 841 964
SF10 270 10 844 967
RHA5 285 15 835 957
RHA10 270 30 832 954
RHA15 255 45 829 951
RHA20 240 60 827 947

Ex) Plain(GF, FA, SF, RHA)OO

L—— Plain : Portland Cement , GF : Ground

% W/B : Water Binder Ratio

Granulated Blast Furnace Slag, FA : Fly Ash

SF : Silica Fume, RHA : Rice Husk Ash
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minutes (mixing for 1 minute—pausing for 1
minute—mixing another 2 minutes)

To measure compressive strength, 12 specimens
for each batch were manufactured in a cylindrical
form with dimensions of ©@100X200mm, and to
measure neutralization depth, 6 specimens for each
batch were manufactured in a cylindrical form with
of ©@100x200mm, In addition,
evaluate chloride penetration depth, 12 specimens

dimensions to
for each batch were manufactured in a cylindrical
form with @100X200mm in dimension,

All the specimens were cured for 24 hours in
wet conditions after placement, and then water
cured in a water chamber where the temperature
was maintained at 20£3T after being removed

from the mold,

Table 6. Experiment factor and assessment

W/B Ratio(%) 0.55
. Slump(mm) 120+25
Experiment Air Contents(%) 4515
Factor Ground Granulated Blast
and rOL'J:ﬂ rangla e(c/) as 10, 20, 30
Standard urnace slagive
Fly Ash (%) 10, 20
Silica Fume (%) 5, 10
Compressive Strength 3,7, 14, 28
(Day)
Chloride lon Migration
Coefficient of Concrete 28, 56
Assessment
(Day)
Observation of After 28 Day
Depth of Carbonation Curing,
(Week) 1,2 4,8
2.3 Test methodology
2.3.1 Compressive strength
To understand physical properties, compressive

strength was measured based on KS F 2405
“Method of Test for Compressive Strength,”
Specimens were removed from the water chamber
after a certain period of curing time, the surface
was abraded within 2mm using a grinding capping
and the strength  was

machine, compressive
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measured using a 200—ton Universal Testing
Machine,

2.3.2 Facilitated neutralization test

The neutralization depth was measured based on
KS F 2584 “Standard test method for accelerated
carbonation of concrete.” The specimens cured for
in the facilitated
neutralization test machine (temperature: 200,
relative humidity: 60%, CO. concentration: 5,0%)

for 4 or 8 weeks, and then the specimens were

28 days were cured again

split, phenolphthalein in 1% alcoholic solution was
used as a visual indicator, and the carbonation
depth was measured at 3 locations in each

specimen using a micrometer,
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Figure 1. Measurement Locations of Carbonation Depth

2.3.3 Chloride diffusion coefficient

The chloride diffusion coefficient test was
implemented based on the previous studies to carry
out a comparison between materials[10]. The

concrete specimens were water cured for 28 or 56
days, and then cut to 50mm in thickness using a
cutter. The chloride diffusion test was performed in
compliance with the FEuropean Test Directives, As
illustrated in Figure 3, DC 30V was supplied for 24
hours by setting 0.8N NaOH as anode and 10%
NaCl solution as cathode to the specimens, Then,

0.IN silver nitrate was sprayed on the split



specimen to measure the depth, as shown in Figure
3. The figures obtained through the depth test were
substituted in Exp.1 for calculation, Through the
process, a comparative analysis of the resistance to

chloride of each specimen was conducted,

+
_ Potential
(DC)

a. Rubber sleeve e. Catholyte

b. Anolyte f. Cathode

c. Anode g. Plastic support
d. Specimen h. Plastic box

Figure 2. Chloride lon Migration Accelerated Test Device

Measurement zone

.
3
=

Ruler

10 10 10 10 10mm

Figure 3. Measurement of Chloride lon Migration

x,— 1.061 x5
t

D= 1.189X10’“(

D : Chloride Diffusion Coefficient(m®/sec)
x4 . Depth of Penetration(mm)
t . hour

3. Experiment results and considerations

3.1 Compressive strength
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3.1.1 At 3 days

Figure 4 shows the initial compressive strength
of each specimen at 3 days. Regardless of mix
the strength of the
specimens with BFS or with FA was lower than
that of Plain, The more BFS or FA was mixed, the

lower the compressive strength was at 3 days. It

proportion, compressive

is believed that as BES or FA was mixed more, the
unit cement content became relatively lower, which
might cause hydration reaction to be retarded, and
an insufficient yield of calcium hydroxide failed to
trigger pozzolanic reaction or hydration reaction,

However, in the specimen with SF and RHA, the
compressive strength was 17%~20% higher than
that of Plain, As indicated in the previous studies,
the higher compressive strength was caused by
pozzolanic reaction and the filling effect of
particles,

In terms of the specimens, the compressive
strength gradually increased up to 10% of mix
but
proportion was higher than 10%, Compared to the

proportion, it decreased when the mix
specimens with SF, the initial compressive strength
of the specimens was shown to be similar when
there was the same mix proportion of SF or of
RHA. Therefore, it is believed that cement with
RHA can secure an initial compressive strength

equal to cement with SF,

25
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Plain 10GF 20GF 306GF 10F 20F 55 105 GSRHA 10RHAISRHA20RHA

Types of Mixture

Figure 4. Compressive Strength at 3 Days
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3.1.2 At 7 days

Figure 5 shows the compressive strength of each
specimen at 7 days, Except for the specimens with
FA, the specimens with an admixture showed
higher compressive strength overall compared to
Plain,

The specimens with BFS were found to have
different strength development at 3 days. The
added, the higher strength

developed., In particular, when the mix proportion

more BFS was

of BFS was set at 20% and 30%, the compressive
strength was measured as 27.14MPa and 27 5MPa,
It is believed that the hydration
reaction of BES particles was more highly activated

respectively,

with the passage of time, filling the inside of
concrete more densely,

The specimens with FA showed similar strength
development at 3 days, When the mix proportion
of FA was set at 10% and 20%, the compressive
strength  was 21.40MPa
20,63MPa, respectively, which was lower than
22.11MPa of Plain, The more FA was mixed, the

lower the compressive strength, from which it can

measured  at and

be interpreted that the pozzolanic reaction became
retarded up to 7 days.

The specimens with SF were measured to have
30% higher compressive strength than Plain, The
more SF was mixed, the higher the compressive
strength became,

The specimens with RHA showed an increase in
compressive strength up to 10% of mix proportion,
However, the more RHA was mixed, the lower the
compressive strength became, In particular, the
compressive strength of specimens with RHA was
higher than those with SF up to 10% of mix
proportion, It is believed that the particles of RHA
are much finer than SF, and the filling effect of

RHA is better than that of SF.
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Figure 5. Compressive Strength at 7 Days

3.1.3 At 14 days

Figure 6 shows the compressive strength of each
specimen at 14 days. The compressive strength of
specimens with an admixture was higher overall
than that of Plain,

The specimens with BFS developed a similar
compressive strength to the result at 7 days. The
more BFS was added, the higher the developed
compressive strength,

The specimens mixed with FA showed slightly
higher compressive strength than Plain due to the
pozzolanic reaction, The more FA was mixed, the
higher the developed compressive strength.

The specimens mixed with SF or RHA showed
compressive strength similar to the result at 7
days. In particular, when the mix proportion of
RHA was set at 10%, the compressive strength was
shown to be the highest,
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3.1.4 At 28 days

Figure 7 illustrates the compressive strength of
each specimen at 28 days. The specimens showed
overall higher compressive strength compared to
Plain, which was similar to the result at 14 days.

In particular, the specimens with SF or with
RHA showed the highest compressive strength at
28 days. With longer—term curing, this tendency
would become stronger., In comparison with the
compressive strength at 14 days and 28 days, the
concrete with 10% RHS is believed to be most
advantageous to secure initial compressive strength

and long—term strength,
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Figure 7. Compressive Strength at 28 Days

Table 7. Compressive Strength of Types of Mixture

Kind of Compressive Strength(MPa)
Mixture 3Day 7Day 14Day 28Day
Plain 17.42 22.11 22.96 25.77
GF10 16.39 21.77 24.41 27.95
GF20 16.28 27.14 28.98 32.61
GF30 15.58 27.50 29.85 33.32
FA10 14.45 21.40 23.74 27.58
FA20 13.56 20.63 24.42 30.19
SF5 21.92 27.80 30.34 34.18
SF10 21.52 30.40 32.22 36.22
RHA5 21.59 28.93 31.16 34.68
RHA10 22.02 30.31 35.22 35.15
RHA15 20.23 26.09 29.48 31.82
RHA20 16.82 24.30 26.80 29.10

3.2 Facilitated neutralization test
Figure 8 shows the depth of penetration by
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In the
facilitated neutralization test, the greatest depth of

specimen at 56 days and 84 days.

penetration of Plain was measured as 7mm and
9.8mm, respectively,

In terms of the specimens with BFS, the more
BES was mixed, the shorter the depth, As a possible
cause, it was suggested that the BFS triggered a
hydration reaction, causing the dense filling of the
inside of the specimen with the passage of time, and
strengthening the penetration resistance,

In terms of the specimens with FA, the more FA
was mixed, the shorter the depth., But the rate of
decrease was greater compared to the specimens
with BFS, This was because when FA was added,
the pozzolanic reaction became more activated with
the passage of time, the concrete with FA was
filled more densely, and the penetration resistance
became strong compared to the specimens with
BES as a result,

In terms of the specimens with SF, the
penetration resistance was shown to be low overall
regardless of the mix proportion, In particular,
the depth of COq
penetration was measured as 4.9mm, which is the

when 10% SF was mixed,

most excellent in terms of penetration resistance,

For the specimens with RHA, the depth of COs
penetration was similar to that of the ones with
SF up to 10%, which is believed to be a very good
penetration resistance, As mentioned earlier, when
RHA is added, pozzolanic reaction became active
and fine particles of each material filled the inside
the concrete more densely, which may prevent COq
in the air from going into the specimens,

However, when more than 15% RHA is added,
the penetration depth tended to increase, and if
the mix proportion is higher than a certain level,

it would reduce durability,
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Figure 8. Compressive Strength at 28 Days

3.3 Chloride diffusion coefficient

Table 8 the chloride diffusion
coefficient of each specimen at 28 days or 56 days
after the facilitated chloride diffusion tests, The
chloride diffusion coefficient was also shown to be
to the test results of facilitated

neutralization tests. Plain showed a rather low

indicates

similar

chloride diffusion coefficient compared to other
specimens,

With the passage of time, all the specimens
tended to have a lower diffusion coefficient, which
is believed to indicate that the hydration reaction
was more active over time, and the inside of the
specimens became denser, accordingly.,

In terms of the chloride diffusion coefficient at

28 days and at 56 days, Plain was measured at

13.4x10 "m?/sec  and 10,8x10 “m’/sec, which
was the greatest of all the specimens,
BFS and FA specimens showed a similar

tendency to the neutralization penetration depth,
The higher the mix proportion became, the lower
the chloride diffusion coefficient, As mentioned
earlier, it is believed that latent hydraulic property
and pozzolanic reaction made the concrete more
dense, which caused the chloride ions to be less
penetrated, However, unlike the previous studies,
the specimens with BFS showed slightly higher
chloride diffusion coefficients than those with FA,
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this

conducted.

For reason, further studies should be

The specimens with SF were shown to have a
very low chloride diffusion coefficient, with no

great differences according to mix proportion., With

the passage of time, the chloride diffusion
coefficient became lower, which means the
penetration resistance was highest,

In terms of the specimens with RHA, the

chloride diffusion coefficient was shown to be very
low up to a mix proportion of 10%, from which it
can be interpreted that they would have an
And,
when the mix proportion was set at 15% or higher,
the diffusion tended
increase, which was not high compared with other
However, like  the facilitated

test results, when the

proportion was set at higher than a certain level,

excellent chloride penetration resistance,

chloride coefficient to

specimens,
neutralization mix

the durability might be compromised.,

Table 8. Chloride lon Migration Coefficient of Types of Mixture

Chloride lon Mi‘g@}ion

Kind of Coefficient(X10 "“m/sec)
Mixture 28Day 56Day
Plain 134 10.8
GF10 9.3 8.0
GF20 8.1 75
GF30 7.7 6.5
FA10 8.0 7.3
FA20 7.3 6.5
SF5 40 3.3
SF10 3.8 2.6
RHA5 4.1 35
RHA10 37 29
RHA15 50 44
RHA20 8.0 6.5

4. Conclusion

In this study, RHA was mixed as an admixture,
and the compressive strength and neutralization



penetration depth and chloride diffusion coefficient
of the specimens with RHA were compared with
those of the specimens with other admixtures, The
following are the findings of this study.,

1) Through the initial strength measurement,
when RHA was mixed, high compressive
strength developed overall, which showed a
similar result when SF was mixed, When the
mix proportion was set at 15% or higher, the
compressive strength was retarded,

2) In terms of long—term strength, the
specimens with RHA showed higher overall
compressive strength, but when the mix
proportion was set at 15% or higher, the
compressive strength was retarded, and the
appropriate mix proportion was shown to be
10%,

3) Through the facilitated neutralization test,
with the passage of time the neutralization
penetration depth increased; however, the
specimens with RHA were shown as
significantly lower compared with the
specimens with other admixture, In other
words, when RHA was used as an admixture,
the neutralization resistance was very good,

4) Through the chloride penetration test, the
chloride diffusion coefficients tended to
decrease, When RHA was added, the chloride
diffusion coefficients of the specimens with
RHA were very low, showing excellent
chloride diffusion resistance, Therefore, when
RHA was used as an admixture, it was very
good in terms of compressive strength and
penetration  resistance, When the mix
proportion was set at a certain level or
higher, they tended to decrease, and thus the
optimal mix proportion was believed to be up
to 10%, For the wide use of an admixture of
RHA, efforts should be made to collect data
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on the site applicability by measuring the

durability of large—sized specimens,
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