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Abstract. Organic content in soil is believed to inhibit formation of reaction products in lime
stabilization which resulted in low gain of strength when dealing with organic soils. Zeolite, a kind
of pozzolan with high CEC capacity is proposed to be use in this study in order to improve lime
stabilization of organic soil. The effectiveness of blended lime zeolite in stabilization of organic soils
was investigated by using two types of artificial organic soils with predetermined organic contents.
Atrtificial organic soils were formed by mixing inorganic soil (commercial kaolin) with organic matter
(commercial humic acid) at specific ratio. Initial consumption of lime for organic soils was
determined in order to determine the minimum percentage of stabilizer required for each soil.
Potential influencing factors that might affect the strength such as organic contents, contents of
stabilizer, and curing periods were studied. The findings of the study showed that high organic
contents and low lime contents resulted in lower gain of strength. However, it is found that slight
replacement of lime with zeolite works well with low organic soil at long curing period which
resulted in highest strength among all the mixes. Overall, longer curing periods will increase the
strength of the soil in the order of 56 days > 28 days > 7 days. Nevertheless, the percentage of strength
increment over curing periods is linear with the lime contents, which proved that lime is required for
pozzolanic reaction.

Introduction

Chemical stabilization of soft soils by admixing it with stabilizers such as lime and cement are means
to increase strength, reduce deformability, provide volume stability (control shrinkage and swelling),
reduce permeability, reduce erodibility, increase durability, or control variability of natural soils [1].
However, most often high organic content in the soil reduces the effectiveness of lime or cement
stabilization [2]. Previous study also found that the soils with high organic contents normally
experienced lower strength increment after stabilization, if compared with inorganic soils that
stabilized with the same types and amounts of stabilizer [3].

Natural zeolite is a type of aluminosilicate mineral containing large quantities of reactive SiO, and
Al O;. It had been identified as one of the most promising natural high quality pozzolans [4] and
widely used in cement industry in China as a cement blending material. Zeolite is also used as a
mineral admixture to produce high performance concrete in China. It is generally considered that
zeolite contributes to concrete strength mainly through the pozzolanic reaction with Ca(OH),, like
other pozzolanic materials such as silica fume and fly ash [5]. The reactivity of the natural zeolite as
pozzolans is influenced by its grain sizes, in which the finer of the material shows higher short term
pozzolanic activity. However, the influence can be less significant after 1 day [6].

In this study, the stabilizer- lime was partially replaced with zeolite in order to form blended lime
zeolite. The effectiveness of blended lime zeolite were studied by mixing the stabilizer with artificial
organic soils and cured at room temperature for various curing periods. The unconfined compressive
strength was utilized as a guide of the effectiveness of stabilizer.
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Materials and Experimental Programme

Materials. The artificial organic soils identified as Type A and Type B organic soil were formed by
blending inorganic soil (commercial kaolin grade S300) with organic matter (commercial humic acid)
at predetermined ratio. Kaolin grade S300 produced by Kaolin (M) Sdn. Bhd. was reported to be
dominant silt sized with greater than 90% of the material passing sieve 63 micron [7]. Its bulk density
falls into the range of 0.7-0.9 g/cc and its moisture content was less than 2% [8]. Whereas, the humic
acid utilized in this study was commercial graded humic acid which was obtained from a local
fertilizer shop. The humic acid was reported to be highly organic with Loss on ignition at 440°C
around 60% and total organic carbon versus total carbon as high as 99% [9]. The ratio of Type A and
Type B artificial organic soils were 70% Kaolin vs. 30% Humic Acid and 50% Kaolin vs. 50% humic
acid, with its loss on ignition at 440°C were determined as 18% and 29%, respectively. Based on the
Extended Malaysian Soil Classification System [10], the type A soil was categorized as slightly
organic soil while the type B soil was organic soil with organic content greater than 20%.

The stabilizers were prepared by partial replacement portion of lime (hydrated lime) with natural
zeolite. Four types of stabilizer were utilized in this study, namely Lime 10: Zeolite 0, Lime 8: Zeolite
2, Lime 5: Zeolite 5 and Lime 0: Zeolite 10, in which its name indicated the proportions of lime and
zeolite of the stabilizer. The hydrated lime utilized in this study was locally manufactured by Lime
Treat (M) Sdn. Bhd., while the natural zeolite was imported from Indonesia and was crushed &
grounded, and samples passing 150 micron’s sieve was used. All the raw materials were air dried and
stored in air tight container before use. The bulk chemical compositions of the raw materials were
analyzed by X-ray fluorescence (XRF) and are shown in Table 1. Besides it, the pH of the materials
were also tested and tabulated in Table 2.

Table 1: Bulk chemical composition of raw materials

Composition (%) | Kaolin S300 | Humic Acid Lime Zeolite
SiO, 54.2 33.00 - 73.40
AlLO; 40.8 24.60 - 12.50
SO;3 - 17.70 0.64 -
CaO - 11.90 97.60 5.28
Fe,0; 1.51 7.68 - 1.88
TiO, 0.59 1.43 - -
MgO 0.36 1.04 1.24 0.98
K,0 2.21 0.84 - 4.47
Na,O - 0.60 - 1.06
Cl - 0.40 - -
BaO - 0.32 - -
SrO - 0.13 - -

Table 2: pH of the raw materials and its reference standard

Materials | Kaolin S300 | Humic Acid | Type A Type B Lime Zeolite
pH (at 25°¢) 6.82 4.18 4.68 4.41 12.52 10.68
Ratio of 30g/75ml 5g/100ml
water/solid
Reference BS1377-3:1990 Clause 9.5 BS 1924-2:1990 Clause
standard 54.53
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Based on the Table 1 and Table 2, the hydrated lime utilized in this study is of high quality with
high contents of CaO and high pH when tested for its suitability use. Whereas, the zeolite utilized
with high Si/Al ratio were expected to have lower exponential reaction, thus reacted faster [6].

Experimental Programme. A laboratory procedure was planned and carried out to determine the
possibility of using blended lime zeolite in wet method of deep mixing when encountering the organic
soil. Knowing that the mixture strength will vary with different mix proportions and ground
conditions [11], the laboratory procedure takes into consideration of two different types of soil with
different organic contents (artificial organic soil Type A and Type B) and four different types of
stabilizer with different proportions of lime zeolite. Nevertheless, a laboratory procedure cannot be
expected to replicate all the construction complexity, such as thoroughness of mixing, loading
conditions etc. Indeed, laboratory testing is planned as a reference point for making judgements about
what can be achieved in the ground for the specified soil and conditions [11]. Artificial organic soils,
instead of natural organic soils, were chosen in this study with the aim to eliminate the influence from
different types of organic matter that may be encounter in the natural organic soils on the strength
development of stabilized soils. Besides it, the artificial organic soils were also commonly used in
laboratory studies [12, 13] for its excellent repeatability.

The laboratory procedure for determining the effectiveness of partial replacement of lime with
zeolite in stabilization of organic soil were carried out with accordance to BS 1924-2: 1990 which was
specifically referred to lime stabilization of materials for civil engineering purposes. Minimum
percentage of stabilizer required was determined through Initial Consumption of Lime test [14],
which in theory referred as the minimum lime required for pozzolanic reaction. In order to simulate
the wet method of deep mixing, the water to additive ratio is set as 0.6 [15]. The specimens were
remolded manually and prepared into cylindrical size of 50mm x 100mm at predetermined density
and moisture content by axial compression [16]. The specimens were cured in a humid container for
curing periods of 7 days, 28 days and 56 days before tested for its strength. The specimens were
wrapped with cling film to avoid excessive water loss through evaporation. The dimensions and
weight of the specimens before and after curing were also determined as the precautionary steps taken
to identify potential swelling or shrinkage of samples throughout the curing periods. Unconfined
compressive test (refer to BS 1924-2: 1990, Clause 4.1) was chosen in this study as the test is quick
and yet informative in providing information such as stiffness, and failure pattern. Moreover, in
practice, construction specifications often based acceptance on the unconfined compressive strength
of a mixture [11].

Practically, besides the water to additive factor, the designer also needs to predetermine the
volume ratio, VR, necessary to achieve target values of additive factor, .. Hence, it is worthwhile to
define terms used to quantify mix proportions as follow:-

W, o
water to additive ratio of the slurry, w : a = — (dimensionless) )
additive

. Vslut . -

volumeratio, VR = —= (dimensionless) 2)
soil

(PR Wadditive 3

additive factor, o = —244% (kg/m” or pcf) 3)

soil

The details of the design parameters used in this study are summarized in Table 3 as follow.
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Table 3: Details of design parameters
Additive
Dry Moisture | Water to content on Additive
. . .. Types of Volume
Soil | Density | Content | additive Jditi adry ratio. VR factor, o
(kg/m*) (%) ratio additive weight basis, ’ (kg/m?)
aw (%)
Lime 10: 0.198 180
Zeolite 0
Lime 8: 0.195 180
Type Zeolite 2
A | 1509 18 06 Lime 5: 0.195 | 180
Zeolite 5
Lime O: 0.197 180
Zeolite 10 12
Lime 10: 0.179 162
Zeolite 0
Lime 8: 0.175 162
Type Zeolite 2
g | 13% 23 06 Lime 5: 0.176 | 162
Zeolite 5
Lime O: 0.177 162
Zeolite 10

Results and Discussion

In general, Figure 1 shows that the strength of the stabilized material increased with curing periods
from 7 days to 56 days. However, it needs to highlight that the percentage of strength increment over
curing periods are smaller with increased percentage of zeolite replacement. Hence, it explained why
the strength increment over curing periods for samples with Lime 5: Zeolite 5 and Lime 0: Zeolite 10
were not significant. Based on Figure 1(g), it is obvious that no pozzolanic reaction takes place
without the existence of lime. Hence, the soil is still plastic, with low strength and relatively high
strain (greater than 5%) at failure when tested for its unconfined compressive strength. Besides it, also
shows that the strength of the materials are governed by its humic acid contents when the same types
of stabilizer and similar amounts of stabilizer were utilized. Overall, higher humic acid contents
lowered the strength of the soils, which shows that the strength of soil B is lower than soil A. The
findings is similar with previous study [3], which found that as the organic content increases, the
strength decreases when the stabilizer was set as constant. In theory, by nomalizing the additive
factor, the strength of soil B can be increased. However, the viablility in terms of economic will need
to be taken into consideration when more stabilizer were needed.

From the other perspective, Figure 2 shows the strength of stabilized artificial organic soils versus
percentage of zeolite replacement at room temperature. The specimens with 12% and 0% of zeolite
content actually served as the control specimens with no lime added and only lime added,
respectively. Overall, it is shown that increment of zeolite replacement had shown significant low
strength gain in stabilized organic soils. It is believed that zeolite which has low acid buffering
capacity (by having low alkaline composition such as CaO contents ) were not able to provide a
suitable pH environment for pozzolanic reaction when added in excess. However, it is interestingly
found that by having low percentage of zeolite replacement (2.4%) on low organic content types of
organic soil (Type A soil) at 56 days of curing had shown highest strength gain even though with the
lowest volume ratio of 0.195. Previous studies [6, 17] suggested that the pozzolanic reaction at longer
ages can be governed by silica and alumina active contents. Natural zeolite, even though crystalline,
can act as pozzolanic materials because of its active contents [18, 19].
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Figure 1: Strength versus axial displacement for various mixes
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Figure 2: Strength versus zeolite replacement in lime stabilized organic soils

Conclusions

Based on the findings of the study, it can be concluded that the strength increment in stabilized
organic soils over a certain duration are only significant when sufficient lime were added to induce the
pozzolanic reaction. Besides it, it is also found that higher contents of humic acid may lowered the
density and strength of soil and therefore higher amount of stabilizer (by increasing the additive
factor) is required to increase the strength. By introducing small quantities of zeolite, a kind of natural
pozzolan, with lime may increase the strength of the stabilized materials and were not affected by the
reduction of the lime content. Higher specific gravity of zeolite compared to lime will reduce the
volume ratio of the stabilized material and enhanced the strength.
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