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ABSTRACT

Soil stabilization with cement has been extensively used for the improvement of soft clay soils, in enhancing the
shear strength and limiting the deformation behaviours. The alternative cheaper admixture agents are essential since high
costs are involved in the manufacture of cement production. The possibility of admixing cement with waste products such
as dust shell (DS) as admixture for stabilizing soft soils will be presented in this paper. This study was aimed at assessing
the usefulness of cement-dust shell (DS) as an effective soil admixture for improving some properties of clay soils. The
stabilized specimens were prepared with the kaolin admixed with 5 % cement and various quantities of dust shell.
Observation are made for the change in the properties of soil such as Atterberg Limits, Maximum dry density (MDD),
Optimum moisture content (OMC) and Unconfined compressive strength (UCS). Result shows that the addition of dust
shell slightly increases the maximum dry density and reducing optimum moisture content. In addition, the unconfined
compressive strength of 5% cement-treated with dust shell samples increases with an increase of the amount of dust shell.
This study indicates that cement-dust shell has a potential as an alternative soft soil stabilizer in soft soil stabilization with

highlight the economical and environmental friendly material utilize.

Keywords: cement, dust shell, soft soil stabilization, maximum dry density (MDD), optimum moisture content (OMC), unconfined
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1. INTRODUCTION

Clay soils are normally associated with
volumetric changes when subjected to changes in water
content due to seasonal water fluctuations. Kaolinite clays
are among the soils that are affected by these problems.
The minerals are formed under tropical weathering
conditions in areas where precipitation is relatively high,
and where drainage is good, which enables leaching of
cations and iron from acidic granitic rocks [1,4]. Kaolin
deposits are considered to have poor engineering
characteristics, exhibiting expansive properties, high
plasticity, poor workability, and low shear strength. This
may cause severe damage to civil engineering structures
and facilities. Hence, these soils must be treated prior to
construction operations, so that desired properties can be
achieved. In such problematic clays, chemical stabilization
techniques have proven to be effective [2].The chemical
stabilization of clays using cement is a common method
that can be used to improve properties of soil to provide a
workable platform for construction projects [3]. Cement is
often used as an additive to improve the strength and
stiffness of soft clayey soils, as stated by many authors [4].
They indicate that mixing cement into the soil leads to
formation of a new structure within the soil grain
accumulation. Traditionally, Portland cement and hydrated
lime are commonly used for the soil stabilization.
However, industrial by-products, construction and
demolition waste and other waste materials ordinarily
considered as environmental problems, are gradually
finding applications in soil stabilization. Periwinkle and
oyster shells have been used in concrete and other areas of
civil engineering; but no technical information on the
assessment of the utilization of crushed waste periwinkle
shells for geotechnical engineering applications [5]. In this

paper, further discusses the development of engineering
behavior of cement-dust shell- treated kaolin clay and to
identify its potential in geotechnical engineering
applications. This paper therefore describes the initial
laboratory tests of a planned extensive testing programmed
to assess the effectiveness of the dust shells as an
alternative stabilizer.

2. MATERIALS AND METHODOLOGY

In order to investigate the effect of dust shell on
the physical and engineering properties, the treated and
untreated kaolin were subjected to laboratory tests. These
include Atterberg limits test, compaction test and
unconfined compressive strength test (UCS).

The soil tested in this study is kaolin clay. It was
mixed with 5 and 10% of cement, 3, 5 and 10% of dust
shell and the combination of 5% cement with 3, 5 and
10% of dust shell. Table-1 summarizes basic properties of
untreated kaolin.

There are two major chemical reactions which are
induced by the addition of cement to clay and govern the
soil cement stabilization process: the primary hydration
reaction of the cement and water, and the secondary
pozzolanic reactions between the limes released by the
cement and the clay minerals [8]. The XRF analysis was
conducted with the Bruker AXS machine running on the
SPECTRA Plus analysis programme. The test was
conducted to determine the chemical composition of the
raw materials, i.e. cement and dust shell. Chemical
compositions of the respective raw materials are given in
Table 2. From the composition, it can be seen that Dust
Shell contains high percentage of CaO (lime) up to 66.99,
hence it shows that dust shell have a potential as an
alternative to replace cement in pozzolanic reaction.
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Table-1. Basic properties of kaolin and dust shell.

Table-3. The effect of stabilized kaolin with cement and
dust shell on Atterberg limits.

Properties Kaolin Dust
i i Shell Samples Liquid Plastic Plasticity
Spectfic gravity 247 300 Limit (%a) | Limit (%) | index (%o)
plastic (Control) .
Plastic Limit (%) 3553 | Non- o e 60 3171 28 29
Flastic Raokn 7107
ac (s]
Plastic index (%) 3547 ; Clemnent 23 LA 213
m{gfms) Dust Shell
: 5 Kaolin + 2%
(C;}))tnmum motsture  cottent 27 - Dust Shell 57 31.40 25.60
2 Eaolin + 10%
Uhconfined Compressive 19255 - Dust Shell 2 2351 &3
st{engﬂ1, (kpa) Kaolin + 2%
Cement + 3% 58 30.60 28.40
pH s - Dust Shell
Kaolin + 2%
Table-2. Chemical compositions of the respective raw Cement + 5% 57 2925 2775
materials. Dust Shell
Kaclin + 5%
. 0 Cement +
Chemical composition Concentration (%) it 55 21.04 23.96
Cement | Dust Shell whell
Si0z Silica, diozide 21.0 - 3.2. Compaction test results
Fey s Ferric omde 30 048 The compaction curve presented in Figure-1 was
50, Sulfite 19 i determined using the standard proctor method. The value
. . of maximum dry densities (MDD) and optimum moisture
Cal Calcmum ?’dee 62.0 66.9 contents (OMC) for treated and untreated kaolin has been
0 Magnesium - summarized in Table-4.
a2t
omde 1.9
0 Al Table-4. Summarize of standard proctor test result of
= um_lénum 55 ) treated and untreated kaolin.
QEAE ]
I Carbon _ 100 Samples Maximum Optimum
- - : Dry Density Moisture
I Sodum oxmde E 0.37 (MMgim®) Content
(%o)
3. EXPERIMENTAL RESULTS AND Kaolin (Control) 1.400 22
DISCUSSION Eaolin + 5% 1.425 22
Cement
3.1. Atterberg limit Iéa{’]m pat et Ll 22
Table-3 shows Atterberg limit results for treated Kem;lt_'_ T TR =
and untreated kaolin. It can be observed in Table 3, there S;ecl)l 0.t :
is a reduction in the plasticity index and decreasing in both E ackn T 5% Dust 1415 5=
liquid and plastic limits. According to [6] the reduction in Shell '
pliasticity inde).( shows that the additives make soils more R aoln + 109 Duat 1420 52
friable and easily workable. Shell
It was fot'md.tha't tr.eat.ed'kaolin With dpst shgll T acln + 554 1420 o7
show a huge reducing in liquid limit. Meanwhile in plastic Cement + 3% Dust
limit results, all the treated soil shows almost same Shell
behavior where there are slightly changes among Eaolin + 5% 1452 22
stabilized soil However, liquid limit change is less Cement + 5% Dust
important, for geotechnical engineers comparing with Shell
plastic limit; this is because the maximum soil strength is Eaoclin + 5% 1.460 21
attained when the soil is compacted at OMC that is close Cement + 10%% Dust
to the plastic limit [6]. =hell
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Figure-1 shows an increase percentage of dust
shell and cement content tends to result in a slight increase
of the maximum dry density (MDD). It was also found
that the OMC is not significantly influenced by cement.
On the other hand, the maximum dry density (MDD)
increases with an increase in cement content. The
maximum dry density (MDD) obtained for 5% and 10%
cement are range from 1.425 Mg/m? to 1.440 Mg/m?
(Table 3). Meanwhile, the MDD is ranging from 1.410
Mg/m® to 1.420 Mg/m® for various dust shell content. It
was found that, the highest value of MDD occur when the
combination of 5% cements and 10% dust shell as shown
in Figure-1. This result has been supported by the OMC
results (Table-4) where the OMC reducing when the dust
shells content is increased. This change is considered as an
indication of the improvement of the compaction
characteristics of the cement-dust shell stabilized kaolin.
The increasing in the dry density occurs because the
agglomerated and flocculated particles of soil occupy
larger spaces and the reason for reducing OMC is that, the
cement requires more water for the pozzolanic reactions

[6].

The effect of dust shell and cement

on kaOIIn ==Kaolin(Control
Sample)
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Figure-1. The variation of unconfined compressive
strength and strain of treated and untreated kaolin.

3.3. Unconfined compressive strength test

Unconfined compressive strength (UCS) test
were carried out on treated and untreated kaolin and the
results are shown in Figure-2 and Table-5. From the
results it shows that the UCS strength is increases with an
increase of dust shell. For the cement + dust shell-treated
kaolin is expected to increase, this is due to the cement
hydration and the pozzolanic reaction. An increase in qu
corresponded with increased cement and DS contents,
compared to the unstabilized soil (Control). It is clear that
the cement-DS specimens which are Kaolin +5%Cement
+5%DS and Kaolint 5%Cement+ 10%DS show
significantly higher qu than cement only mixes (Kaolin +
10% Cement). Note that 5C5DS achieved higher qu
compared to 10C, proving the effectiveness of the addition
of DS.

Effect of treated and untreated samples
with dust shell and cement
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Figure-2. The variation of unconfined compressive
strength and strain of treated and untreated kaolin.

Table-5.

Samples | Description qu (kPa) | C, (kPa)

Control | Kacln 192 55 96 28

5C Kacln  + S0 54979 274.89
Cement

10C Kacln +  10% 60543 30271
Cement

3Ds Eacln + 3% Dust| 3%1.57 195 98
Shell

5DE Eacln + 5% Dust| 40738 203.6%
Shell

10D3 Kacln + 10% Dust 471 225D
Shell

5C3D3 | Kacln  + S 596,27 29814
Cement + 3% Dust
Shell

5C5D3 | Kacln + S 639 86 31993
Cement + 3% Dust
Shell

5C10D3 | Kacln  + S 671.1 33555
Cement  +  10%
Dust Shell

Figure-2 shows the stress-strain curves obtained
from UCS test under various percentages of cement and
dust shell. The strength of kaolin (control) shows a lower
strength than other treated sample with 192.55kPa.
Meanwhile for treated kaolin with cement, it was found
that 10% of cement at the ultimate condition value is
605.43 kPa, meanwhile for treated kaolin with 5% cement
shows 549.79 kPa. That shows that the cement-treated soil
exhibited the trend of UCS increase with an increase in
cement content for all percentages of cement. The
cementations compounds of the treated clay increase with
an increase in cement content. Then, the stabilized kaolin
with dust shell also shows a strength gain behavior, it was
found that with the increasing amount of dust shell, the
strength was also increases [4]. In this research, the
combination of dust shell and cement also has been
investigates, in order to reducing the cost, 5% cement has
been choose to mixed with other percentages of dust shell.
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This is also in agrrement with Uddin et al. [7] where they
suggest that a minimum percentage of cement is also
required to improve the strength of the untreated clay. As
can be seen, the combination of 5%cement and 10% dust
shell shows the highest strength improvement, and
followed by the combination of 5%cement and 5% dust
shell. Meanwhile the combination of 5% cement with 3%
dust shell shows the same strength gain with the
combination of kaolin with 10% of cement. This shows
that with the combination of 5% cement and 5% of dust
shell can save the use of 5% cement and in the other hand
it can reducing costs.

4. CONCLUSIONS
Based on research conducted in this study, the
following conclusions can be made:

=  The addition of dust shell, cement and the
combination of cement and dust shell to the
tested soil is found to reducing the plastic
and the liquid limits and decrease plasticity
index. The reduction in the plasticity index
values resulted from the decrease in liquid
limit and plastic limit. With the decrease in
the plasticity index and liquid limit, the
engineering properties of soil are improved
as the shear strength of the admixed soil
improves and become more workable.

=  The addition of dust shell slightly increases the
maximum dry density and reducing optimum
moisture content. The dry density rises at all
of the treated soil.

= The compressive strength data presented in this
study reveals that the unconfined
compressive strength of 5% cement-treated
with dust shell samples increases with an
increase of the amount of dust shell.

= Jt is concluded that dust shell with the
combination of cement has the potential to
perform as a mechanical soil stabilizer or for
the purpose of soil stabilization.
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