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The Effects Of Rice Husk Ash Substitution On
Physical And Mechanical Properties Of Clay

Dina Levika Oktavia, Ratna Dewi, Saloma, Febrian Hadinata, Yulindasari

Abstract: Clay is a soil with poor characteristics, which include low weight bearing capacity hence it needs to be fixed. Stabilization is a soil improvement
technique, involving the use of cement for increase bearing capacity. However the high cost of cement, led to the investigation of other alternatives, e.g.
Rice husk ash (RHA), a pozzolanic agricultural waste, which contains a lot of silica, processed by burning husk ash. This study therefore analyses the
effect of substituting RHA on the physical and mechanical property of clay, in an attempt to increase the value of its carrying capacity. Laboratory scale
testing was based on ASTM standards, which include California Bearing Ratio (CBR) and Unconfined Compression Test (UCT). The variation of RHA
applied to the sample were 3%, 6%, 9%, 12% and 15% of the soil (dry density), at a curing period of 0, 3 and 7 days. The results further showed that the
optimum value of UCT (1.05 kg / cm?), was obtained at 6% RHA, within a 7-day curing period. The optimum CBR value (13.12%) was obtained with the

unsoaked mixture at 9%, with a 7-day curing period.

Index Terms: CBR, clay, rush husk ash (RHA), specific gravity, standard proctor compaction test, UCT.

1 INTRODUCTION

Clay is a soil, which is very difficult to use, as a construction
material because it has a low weight bearing capacity and it
also undergoes high shrinkage and water content, which is
responsible for its structural failure [1], many techniques to
improve soil have been carried out on clay, including
stabilization, using materials, including acrylic polymers, tin,
aluminum, cement, etc. Furthermore, the application of acrylic
polymer material, led to the selection of an optimum
percentage (6%) and further increase the CBR value by
102%, at a curing period of 14 days [2]. A research on the use
of tin and aluminum resulted in an optimum mixture of 6% [3].
Wood ash has also been used as a material to achieve
stability of clay, by reducing its maximum dry density value
[4]. However, cement is the most commonly used agent,
which increases the UCT value by 395.8% [5], however, its
use proffers negative effects on the environment and it is also
expensive. This study therefore analyzes the use of RHA,
which contains 90% silica and some metal impurities (iron,
manganese, calcium, sodium, potassium, and magnesium
[6]), as a substitute for cement (pozzolan) because of its cost
effectiveness and environmental friendliness [7]. Tests were
conducted on on the dry density of the soil, with various
variations of RHA content. Furthermore, research by Sheeba
and Sasikumar [8], regarding clay stabilization in Bolgatty,
Ernakulam India involved the addition of 5%-20% RHA, which

2 MATERIALS AND METHODS

2.1 MATERIALS AND PREPARATION

Clay used in this study was quarry soil, taken from
Pedamaran Village, OKI, using disturbed sampling technique.
The specimen was excavated at a depth of 2.5 meters, to
obtain a layer that is not contaminated with other materials,
often present on the surface level. Furthermore, water content
analysis was carried out at the time of collection and the
sample was then forwarded to the laboratory for testing. The
RHA was obtained from Lahat, South Sumatra, using a sack
to maintain its condition. This sample was further cleaned and
sapped, using a number-60 strainer. Furthermore, the RHA
mixture ratio used (3%, 6%, 9%, 12% and 15%) of the dry
density of soil, was obtained from previous research journals.

2.2 METHODS

The experimental method involved the addition of RHA to clay,
adjusted to the predetermined variations. The tesis were
conducted based on ASTM requirements, in the form of
Standard Proctor Compaction Test (SPCT), Specific Gravity
Test (Gs), soaked and unsoaked Capacity Bearing and
Unconfined Compression Test (UCT) as shown in Table 1.

Table 1. Testing of Mixed Variations
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3 RESULTS AND DISCUSSION

3.1 PROPERTIES OF SOIL SAMPLE AND RHA

The properties of the soil sample, categorized as CH clay
(USCS classification) and A-7-5 (AASHTO classification)
were observed in Table 2. The composition of the RHA can
be seen in Table 3.

Table 2. Properties of Soil

Characteristics Value
Pass 200 strainer MNo.200 (%) 94.713
Specific Gravity (Gs) 2.637
Liguid limit (%) 97.00
Plastic limit (%) 41.88
California bearing ratio, soaked (%) 3,94
California bearing ratio, unsoaked (%) 4,886
Unconfined compression strength (ka/cma) 0.55
Table 3. Oxide composition of RHA
Elements Name of elements Value (%)
Si Silica 39.16
Al Aluminum 0.58
Fe Iron 0.1
Ca Calgium 0.38
Mg Magnesium 0.36
[ Carbon 3.61
0 Oxygen 53.90
MNa Sodium 0.05
P Phosphor 0.25
K Potassium 1.61

The largest content in RHA was oxygen at 53.90%, however,
it also contains silica (39.16%), a pozzolanic binder substitute
to cement, as shown in Table 3.

3.2 MIXTURE OF SOIL AND RHA

3.2.1 SPECIFIC GRAVITY TEST (GS)

The test was carried out to determine the specific gravity
value of the original soil and soil/RHA mixtures (3%, 6%, 9%,
12%, and 15%), as seen in Table 4 and Fig.1.

Table 4. Specific Gravily test results

Mix Design Specific Gravity

Original sail (TA) 2.637
RHA 1.915

TA + 3% RHA 2.599
TA + 6% RHA 2555
TA + 9% RHA 2.547
TA + 12% RHA 2.469
TA + 15% RHA 2.449

Based on Table 4 and Fig. 1, it can be observed that the
decrease in the value of specific gravity was concurrent with
the elevated percentage of RHA in clay. Research conducted
by Ghutke, et al. [1] showed a decrease in the value of Gs,
alongside the addition of RHA, up to 16%. The same results
were also observed by Shahiri and Ghasemi's research [5] on
the use of cement as a clay stabilization agent. The reduction
in specific gravity of mixed soils occurred due to the mixture of
two types of materials, which possess lower value than the
specimen.

ISSN 2277-8616
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Fig. 1. Graph indicating the decrease in specific gravity values
(Gs)

3.2.2 ATTERBERG LIMITS

The Atterberg limits test results, shows a decrease in the liquid
limit value (LL) from 97.00% to 89.50% and plastic index (PI)
from 55.12% to 32.72%, with the elevation in the level of RHA
in the soil, corresponding with the results of the Specific
Gravity (Gs) test as shown in Table 5 and Fig. 2. In contrast,
the plastic limit value (PL) increased with the addition of RHA
levels of 41.88% to 56.78%.

Table 5. Atterberg limits test results

Value of atterberg limits

No. Mix Design (L (%) PL(%) Pl (%)
i Original sail (TA) 97.00 4188 55.12
2 TA + 3% RHA 96.70 51.86 44 84
3 TA + 6% RHA 9450 5212 42.38
4 TA + 9% RHA 93.60 5567  37.93
5 TA + 12% RHA 93.00 5857 3443
6 TA + 15% RHA 89.50 5678 32.72

Atterberg Limit (%)

o 3 & L] 1z 1s

RHA (%)

Fig. 2. Graph of the atterberg limits test results

3.2.3 STANDARD PROCTOR COMPACTION TEST (SPCT)

SPCT was carried out to determine the optimum water content
as well as the dry density of soil and soil/RHA samples with
different percentage variations, as seen in Table 6 and Fig. 5.

Table 6. Standard Proctor Compaction test results

. : Optimum water Optimum dr
NMixDieslon Eontent (%) dsneaity (gn’cnﬁ’a}
QOriginal sail (TA) 35.00 1.333
TA + 3% RHA 36.50 1.290
TA + 6% RHA 37.10 1.286
TA + 9% RHA 37.70 1.256
TA + 12% RHA 40.00 1.209
TA + 15% RHA 41.00 1.159
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Fig. 3. Graph of the increase in optimum water content
variation of the mixture of original soil and RHA
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Fig. 4. Graph of the decrease in dry densilty variation of the
mixture of original soil and RHA

Water content (%)

Fig. 5. Graph of the correlation between optimum water
content and optimum dry density

Table 6 and Fig. 3 Indicates that elevating RHA content in soil,
increases its optimum water content, due to its silica content
and the optimum dry density of the sample further decreased
(Fig. 4) because it possesses smaller specific density. Similar
results were observed in previous research, where it was
stated that the addition of cement at 2%, 4% and 6%,
optimally increased the water content and reduced the dry
density [5].

3.2.4 CALIFORNIA BEARING RATIO

California Bearing Ratio (CBR) test is commonly used as an
indicator for the evaluation of soil carrying capacity, which can
be carried out in soaked and unsoaked conditions.

ISSN 2277-8616

Table 7. The percentage of soaked and unsoaked CBR test

results
" ) CBR Increase Increase
Mix Curing CBR
5 soake  percentag percentage
design (day) d e (%) unsoaked (%)
Original
soil (TA) 3.67 - 4,86 -
" 0 4.86 32.43 5.51 13.37
TAHEE’% 3 499 35.97 8.40 72.84
7 5.64 53.68 11.15 129.42
0 512 39.51 9.05 86.21
-]
TAH:I:E& 3 512 39.51 9.19 89.09
7 6.30 71.66 12.99 167.28
TA + 9% 0 5.25 43.05 10.50 116.05
RHA 3 5.51 50.14 13.12 169.96
7 6.69 82.29 13.12 169.96
TA + 0 5.38 46.59 7.87 61.93
12% 3 6.30 71.66 8.53 75.51
RHA 7 7.09 93.19 9.97 105.14
TA + 0 4.59 25.07 7.74 59.26
15% 3 512 39.51 8.27 70.16
RHA 7 6.15 67.57 9.71 99.79
8,5
g 8
fé' 7.5
& 7 —e—TA + 3% RHA
.-E:% o3 —e—TA + 6% RHA
2% 6 o—TA + 9% RHA
‘g 5.5 ——TA + 12% RHA
§ 4: ® TA + 15% RHA
q
0 3 7
Curing (day)

Fig. 6. Graph of CBR soaked test result

Fig. 8, Fig. 7 and Table 7 show an increase in the value of the
soaked CEBR test from the variation of 3% to 12% RHA and the
optimum value 12% was selected, which indicated an increase
of 93.19% during the 7-day curing period. Conversely, in
unsoaked conditions, the CBR values increased from
variations of 3% to 9% RHA and the latter was selected as the
optimum, indicating an elevation by 169.96% during the 7-day
curing period. Soaked and unscaked CBR values elevated
with increased curing time, at each variable, which is caused
by the occurrence of longer reactions taking place between the
components, therefore enabling the reaction bonds to grow
stronger hence the CBR value increases.

13 -

5 12

2 11

2 T 10 i —a—TA + 3% RHA
E E 9 —o—TA + 6% RHA
&5 5 —TA + 9% RHA
:§ 4 —e—TA + 12% RHA
3 e —e—TA + 15% RHA

-

3

-1

Curing (day)

Fig. 7. Graph of CBR unsoaked test result
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3.2.5 UNCONFINED COMPRESSION TEST

UCT is an evaluation carried out on soil, to obtain shear
strength values from cohesive variety. The qu value obtained
from the test results is attributed as the maximum axial stress
that the soil sample can hold before shear failure is recorded.
Variations with different percentages of RHA are illustrated in
Table 8.

Table 8. Percentage of UCT results

Mix design %‘;')9 qu Increase percentage (%)
Oniginal
soil (TA) 055 :
0 081 47.27
T‘:‘:‘:% 3 091 85.45
7 1.03 87.27
0 0.86 56.36
TA + 6%
N 3 0.98 78.18
7 1.05 90.91
—_ 0 0.79 43,64
RHA 3 0.87 58.18
7 0.92 67.27
0 0.70 27.27
v g 3 071 29.09
7 0.82 49.09
0 0.61 10.91
AS % 3 071 29.09
7 0.79 43.64

Fig. 8 and Table 8 indicates the effect of RHA on UCT value
for each variation. The qu data obtained increased with
variables of 3% to 6%, which is in contrast with the results of
CBR testing, which increased by up to 9%. Furthermore, the
qu value decreased after 6% to 15% variation, which may be
due to excess RHA, as the Standard Proctor Compaction test
results, showed the dry density reduction alongside the
addition of RHA, which filled the ground space and further
lessened the soil cohesion value. From the UCT test, the
optimum qu value was 6% RHA, at a 7 day curing period of
1.05 kga’cm2 (up to 90.81%). The research conducted by
Shahiri and Ghasemi [5], using cement as a stabilizing
material, also showed the optimum value at 6% cement
mixture, with an elevation of about 395.8%. Fig. 8 and Table 8.
shows the effect of curing period on soil samples during UCT
testing as a longer curing time, indicates greater qu value,
which was shown by the results, testing each variation.
Furthermore, this was caused by the occurrence of a longer
reaction between the stabilization material and the sail,
thereby increasing its strength.

105
1
0,95
09 |

T f —8—TA + 3% RHA
S 0, i

E e I —o—TA + 6% RHA
0.8 |

S i —@—TA + 9% RHA
0,75 |

I —e—TA + 12% RHA

07 |

—o—TA + 15% RHA

i=}

3
Curing (Day)

~

Fig. 8. Graph of UCT results for each variation
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3.2.6 SEM AND EDS ANALYSIS

Fig. 9 to Fig. 16 indicates the results of studies, using
Scanning Electron Microscopy (SEM) and Energy Dispersive
X-Ray Spectroscopy (EDS), on original soil and the varieties
stabilized with RHA, at levels of 6%, 8%, and 15%. The results
of the SEM analysis indicated that the original soil was
stabilized with RHA, through the formation of floccules, hence
creating a soil that is denser at higher concentration ratios.
Furthermore, flocculation is a process which alters particles
thereby increasing soil strength in this case.

SEM HY: 1584V
SN MAG: 100 kx

Fig. 11. SEM analysis of Original soil + 9% RHA
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Fig. 12. SEM analysis of Original soil + 15% RHA

EDS is used for quantitative analysis of certain material
elements. Fig. 13 to Fig. 16 shows an increase of the number
of soil contents, including Silica, Oxygen, Calcium and other
elements in clay, due to subsequent addition of RHA.
Furthermore, the highest elevation was observed in the 15%
variable, where the soil experienced maximum density, as
seen in the results of SEM analysis.

w{ W . o

'.p____._...

= % ]
Fig. 13. EDS analysis of Original soil

¥ 'M-__
L

Fig. 14. EDS analysis of Original soil + 6% RHA
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tesips o

Fig. 16. EDS analysis of Original soil + 15% RHA

4 CONCLUSION

Based on theresearch and subsequent discussions, the

conclusions are as follows:

(i) The substitution of RHA in clay, increases the value of
soil carrying capacity as seen from the results of CBR
and UCT testing.

(i) RHA also increases the plastic limit value (PL), by
elevating its level in the soil and further reducing the
liquid limit (LL) and plastic index value (PI).

(iii) This substitution leads to an increase the soil density, as

observed in the results of SEM and EDS analysis.

The optimum level observed in CBR testing was obtained

in the unsoaked condition, with 9% RHA variety, at a 7

days curing period, which indicated 13.12 from 4.86, with

an increase of 169.96%.

(v) The optimum level in UCT testing was obtained on the
addition of 6% RHA and at a 7 days curing period, which
was equal to 1.05 from 0.55, with a percentage increase
of 90.91%.

(iv)

4
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