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Abstract. A series of experiments including unconfined compression
tests, three-axial tests, compaction tests, and split tensile tests were
undertaken to investigate the influence of compaction parameters on the
behaviour of bagasse ash—calcium carbide residue stabilized soil. A
preliminary study on soil with the addition of 4%, 6%, 8%, 10%, and 12%
calcium carbide residue established that the lime fixation point (LFP) was
4%. Then 9% bagasse ash was added to soil with 4% calcium carbide
residue, and the cation exchanges and pozzolanic reactions were
investigated. The addition of calcium carbide residue to bagasse ash
stabilized soil caused short-term changes due to cation exchange reactions,
including an increase in the friction angle and cohesion in the stabilized
soil. In addition, due to the short-term reaction, the maximum stiffness in
three-axial tests occurred in the samples moulded with less than their
optimum moisture content (OMC), whereas the peak strength occurred in
the samples moulded at their OMC. After a 28-day curing period,
pozzolanic reactions improved significantly the three-axial peak strength
and stiffness of the stabilized soil, and the maximum three-axial shear
strength and stiffness occurred in the samples prepared below their OMC.

1 Introduction

Soil stabilization with lime, cement, fly ash, bagasse ash, rice husk ash, and combinations
of fly ash—cement, bagasse ash—lime, and rice husk ash—lime have been investigated by
many researchers [1-7]. The effect of the combination of bagasse ash—calcium carbide
residue on the shear strength of expansive soil has been performed [8]. Research
concerning fly ash and lime for soil improvement has been conducted in recent decades by
many researchers [9-15]. The physical and chemical performance of both short-term and
long-term reactions in soil-lime—fly ash mixtures has been reported in the literature [16-
19]. The previous studies have discussed the effects of the temperature and curing period
and the proportion of lime and fly ash on the unconfined compression and tensile strength
of soil. However, they were performed without a compaction process. Because in practical
work such as highways, airfields, and dam construction soil are always compacted, it is
important to study the effects of the compaction parameters (maximum dry density and
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optimum moisture content) on the shear behaviour of bagasse ash—calcium carbide residue
(CCR) of stabilized soil.

To provide information on the stress—strain behaviour of calcium carbide residue—
bagasse ash stabilized soil due to compaction, soil mixed with bagasse ash and calcium
carbide was used in this research. A series of laboratory experiments were performed to
define the response of stabilized soil to static compaction. The changes of mechanical
properties because of the replacement of soil with bagasse ash and changes of behaviour
due to the addition of calcium carbide are also analyzed. This research then provides the
results of laboratory experiments to investigate the short-term and long-term effects on the
behavior of stabilized soil directly after compaction.

2 Research methodology

2.1 Materials

The soil sample used in this study is local soil taken from Wates, Kulonprogo Regency, the
Special Region of Yogyakarta. It is low cohesion—high plasticity red clay. According to the
Unified Soil Classification System (USCS), the soil is classified as high plasticity clay
(CH). The specific gravity of the soil is 2.68. The gradation of the soil shows that more than
75% 1is silt and clay (d < 0.075), 5% is fine sand (0.075 < d < 0.46 mm), 15% is medium
sand (0.46 < d < 1.06 mm), is 10% coarse sand (1.06 < d < 4.75 mm), and less than 5% is
gravel. The liquid limit and plastic limit of the soil sample are 66.5%, and 32.3%.

The bagasse ash is collected from Madukismo Sugar Mill, Bantul, in the Special Region
of Yogyakarta. It is non-cohesive fine residue and classified as non-hazardous, non-plastic
waste material. The specific gravity is 2.05, which is less than that of normal soil. The grain
size distribution of the bagasse ash shows that 1.5% is clay size, 72.9% is silt, 17.9% is fine
sand and the rest is medium sand (Fig. 1). The result of chemical analysis of the bagasse
ash indicated 51% SiO», 17.4% ALO3, 4.9% Fe,03, 6.3% CaO, 1.4% MgO, 0% SO, 2.3%
K0, 2.6% Na,0, 2.1% H,0, and 1.8% loss of ignition (LI).
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Fig. 1. Grain size distribution.

The calcium carbide residue used in this research was collected from Sedayu
manufacturer of acetylene gas located in Bantul Regency, the Special Region of
Yogyakarta. Its chemical content obtained from chemical analysis is as follows: 0.34%
Si0,, 2.21% ALO;, 0.97% Fe,0;, 60.2% CaO, 0.15% MgO, 0.11% SO;, 1.46% K0,
0.08% NayO, and 1.4% H,O.
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3 Experimental program

3.1 Lime fixation point

The lime fixation point (LFP) is the proportion of calcium carbide added to the soil that
results in the maximum plastic limit. If the proportion of calcium carbide is increased, the
plastic limit of the soil remains constant or decreases. The proportion of calcium carbide
used in this study is 2% (wp = 21%), 4% (wp = 23.5%), 6% (wp = 23.3%), 8% (wp =
23.1%), and 10% (wp = 23%), so the LFP was found to be 4%. In some practical
assumptions, the added proportion of calcium carbide is LFP + (3 to 6%). This study
used 4%, 7%, and 10% calcium carbide, whereas the percentage of bagasse ash used was
9% [8].

3.2 Compaction

In general, all samples used in this study were prepared at the maximum dry density
(MDD) and optimum moisture content (OMC) obtained from standard Proctor compaction
tests as indicated in Fig. 2. The effects of MDD and OMC on the shear behaviour of the
calcium carbide—fly ash stabilized soil was also analyzed. In this study, soil samples were
also prepared with water content more than and less than their optimum moisture content. It
was indicated that the addition of bagasse ash to the soil resulted in a decrease of the
optimum moisture content and a reduction of the maximum dry density compared to

unstabilized soil.
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Fig. 2. Compaction curves.

3.3 Unconfined compression and split tensile tests

The specimens for both the unconfined compression and split tensile tests were compacted
into a cylindrical mould in the condition of dry density and optimum moisture content. The
cylindrical sample dimensions were 38 mm in diameter and 76 mm high. Then the samples
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were wrapped in polybags and stored in a humid chamber. The curing times adopted were
7, 14, 28, 36, 56 and 100 days for both the unconfined compression and split tensile tests.

3.4 Three-axial test

As for both the unconfined compression and split tensile tests samples, the dimensions of
the samples for the three-axial test were 36 mm in diameter and 76 mm high. All specimens
were moulded at their dry density and optimum moisture content. Confining pressures
applied to the specimens were 20, 50, and 100 kPa, which are coherent with practical
conditions in engineering applications. For this test, 28 days was the curing time for all
specimens.

4 Results and discussion

4.1 Unconfined compression and split tensile tests

The influences of the curing period and the proportion of calcium carbide residue on both
the unconfined compression and tensile strength of bagasse ash—calcium carbide residue
stabilized soil is presented in Figs. 3 and 4. These figures indicate that the curing period is a
major factor influencing the shear behaviour of bagasse ash—calcium carbide stabilized soil.
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Fig. 3. The effect of curing period on unconfined compression strength.

A short curing period does not show any improvement of the unconfined compression or
split tensile strength of the stabilized soil. It is interesting to note that, in the short term,
there just occurs a cation exchange reaction. The reaction happens when Ca™ in the
calcium carbide replaces the positions of Na" and K* in the soil and results in flocculation—
agglomeration. This reaction is very fast, and only reduces the plasticity index, but does not
change the shear stress parameters of the stabilized soil. In a long curing period, after 60
days, however, there is a significant improvement of both the unconfined compression and
split tensile strength of the stabilized soil due to the chemical pozzolanic reaction between
bagasse ash—soil and the lime in the calcium carbide. The formation of calcium silicate
hydrate (C-S-H), which is the first stage of the pozzolanic reaction, takes place after 36
days of curing. Furthermore, the gain of unconfined compression and split tensile strength
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is dependent on the curing temperature [20]. Accordingly, for curing temperatures varying
from 20 to 65°C, the induction period varies from 4.8 hours to 75 days. In general, Figs. 3
and 4 indicate that the increase in both the unconfined compression and split tensile
strength were strongly affected by the amount of calcium carbide.
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Fig. 4. The effect of curing time on split tensile strength.

4.2 Three-axial tests

Fig. 5 is the comparison between the typical axial strain and volumetric strain response for
all the compacted samples, for 20 kPa confining pressure and a 28-day curing period. The
calcium carbide—soil mixtures were moulded at maximum water content (OMC) and
maximum dry density (MDD). Fig. 5 indicates that the behaviour of the calcium carbide—
soil mixtures was dramatically affected by the addition of calcium carbide residue. This can
be seen from the changes of peak strength and stiffness of the stabilized soil. The
comparison of compacted soil and compacted soil plus 9% bagasse ash shows that the
partial replacement of soil by bagasse ash did not significantly influence the stress—strain
behaviour, as can be seen from the changes of peak strength and initial stiffness. Although
the gradation of bagasse ash is slightly different from that of the original soil, the
replacement of soil by 9% bagasse ash did not result in an essential change in the properties
of the bagasse ash—soil mixtures. The addition of calcium carbide to the soil, however,
changes the peak strength, stiffness and brittleness of the calcium carbide—soil mixture. The
significant gain of peak strength and stiffness can be seen from the combined effect of
calcium carbide and bagasse ash. The peak shear strength of the calcium carbide—bagasse
ash—soil mixtures is 720 kPa, compared to that of soil (90 kPa), soil plus 9% bagasse ash
(120 kPa), and the calcium carbide—soil mixture (250 kPa). These changes are due to the
chemical pozzolanic reaction of silica (SiO;) and alumina (AL,O3) in bagasse ash and the
calcium (CaO) in calcium carbide. The new formations from this reaction are calcium
silicate hydrate (C-S-H), calcium aluminate hydrate (C-A-H), and/or calcium aluminate
silicate hydrate (C-A-S-H). The brittleness of bagasse ash—calcium carbide stabilized soil is
extremely reduced and is also followed by the reduction of axial strain.
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Fig. 5. Stress—strain response and volumetric—axial strain of compacted stabilized soil: 20 kPa
confined pressure and 28-day curing time.

In Fig. 5, the behaviour of all the specimens tested in the three-axial apparatus for
volumetric—axial strain curves are similar. The compressive response is followed by the
maximum expansion value close to the peak shear strength. Furthermore, the ductility of
all the samples decreases as the soil approaches the critical state, and it seems that the
compressive strength is influenced by the calcium carbide residue and bagasse that was
added to the soil.

To study the effects of the compaction parameters on the behaviour of bagasse ash—
calcium carbide residue stabilized soil, a series of three-axial experiments were performed
on the compacted stabilized soil. The soil samples were compacted at the optimum
moisture content (OMC), as well as at less than and more than the OMC. Figs. 6 and 7
show the deviatoric stress—axial strain, and volumetric—axial strain response on the
specimens for the confining pressure of 20 kPa for the specimens without curing time.
Higher stiffness is observed for the samples moulded with water content less than their
OMC, whereas lower stiffness is seen in the samples compacted with water content more
than their OMC. These phenomena indicate that the compaction parameters are
fundamental factors for stabilized soil after cementation. Similar behaviour is seen in the
specimens with the 28-day curing time.
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Fig. 6. Axial strain response for uncured compacted samples.
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Fig. 7. Volumetric—axial strain for uncured compacted samples.

The uncured specimens moulded at the OMC show the highest shear strength. In the
specimens with the 28-day curing, however, the shear strength was higher for those
compacted with less than their OMC. Therefore, the shear behavior of bagasse ash—calcium
carbide residue stabilized soil samples was stronger and stiffer when they were moulded
with less than their OMC and 28 days of curing time, or with their optimum moisture
content without any curing. This finding may be due to compaction factors, mainly the
maximum dry density and optimum water content, before the pozzolanic reaction started,
and due also to gel formation after the development of the pozzolanic reaction.

5 Conclusions

A series of experiments were carried out on original soil, calcium carbide stabilized soil,
and bagasse ash—calcium carbide stabilized soil compacted with its optimum water content,
and less than and more than its optimum water content. The results of the investigation can
be summarized as follows:

1. The addition of calcium carbide residue significantly increased the shear strength and
stiffness of the calcium carbide stabilized soil.

2. The addition of bagasse ash to calcium carbide soil was required to meet the short- term
and long-term pozzolanic reaction.

3. The curing time, curing temperature and compaction parameters significantly influence
the stress—strain behaviour of carbide—lime—bagasse ash stabilized soil.

4. The unconfined compression and split tensile strength of calcium carbide—bagasse ash
stabilized soil was significantly improved with 56 days curing time, which may be due
to the long-term pozzolanic reaction.

5. Based on the three-axial compression test, the maximum stiffness and shear strength of
carbide—lime—bagasse ash soil mixtures occurred in stabilized soil specimens compacted
with their optimum water content. After 28 days of curing, however, there was an
improvement of the stiffness and shear strength in the stabilized soil samples compacted
with less than their optimum water content.
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