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Abstract: Peat is known as a kind of soft soil that subjected to instability. In order to reduce the scarcity of land for
construction purpose, it is necessary to stabilize a soft and weak foundation such as peat. The engineers commonly faced with
the constraint of accessibility and stability problem when dealing with peat. This paper describes a study on peat stabilization to
enhance its strength by using an organic polymer soil stabilizer. To identify the strength change for the stabilization of peat by
using Vinyl Acetate - Acrylic Copolymer (VAAC), laboratory tests on unconfined compression test was performed for 1, 7, 14
and 28 days of curing periods. The additive that works as a binder material such as sand, lime and cement were used in this
study. The effect of this additive on the strength gained based on percentage materials used is highlighted. The unconfined
compression test results showed that the peat soil gained higher strength due to the addition of 70% of VAAC at 14 days of
curing periods. The VAAC have a greate mechanism to agglomorate the fibre together because VAAC can cementing the fibre
during the dying process by forming clear plastic and resin bond. Hence, the solid bond produced the hard surface that flexible
to withstand the load exerted. The addition of 30%, 50% and 70% binder into stabilized peat with 20% and 70% of VAAC were
reduced the strength of VAAC-P because of the disturbance occurred in the VAAC-P bonded.
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1. Introduction

With the growth in population and rapid
industrialization it tends to become a necessary to have
the infrastructures facilities in soft and weak soil area
such as peat. A strong foundation is needed in order to
support the entire structure. Peat known as a weak soil
with moisture content more than 100%, high
compressibility (0.9 -1.5), low shear strength (5-20 kPa)
and high organic content (>75%) [1, 2]. Due to its
properties, peat soil considered as not suitable for the
construction purpose [3 — 7]. In the perspective of
construction, peat is commonly considered as a
problematic deposit with poor geotechnical properties
which required a stabilization process if its need to be
used to support any infrastructures [8-12].

The engineers commonly faced with the constraint of
accessibility and stability problem when dealing with
peat. In order to improve strength and stiffness of soil
foundation, it is important to control the permeability,
swell-shrink behaviour and others related properties [13].
There are various types of stabilization method that are
available in Malaysia. The uses of chemical stabilization
method were successfully applied to improve the stability
of peat soil. The main purposes of stabilizing the soil are
to improve the weak properties of soil thus increase the
strength of soil for any construction purpose.

associated with the action of water in soil. There must be
a material and suitable method that can modify the
interaction between water and soil by surface reactions in
such a manner as to make the behaviour of the soil with
respect to water effects most favourable for the given
purpose [14]. This material also must have an ability to
grip the particle of peat (fibre), hence increase the
strength of peat.

Limited study was conducted by using non traditional
stabilizer [15]. According to [16] the addition of
polymers such as synthetic polymer and biopolymer to
improve the physical properties of the soils also known as
Polymer soil stabilization. This type of stabilizer most
often used for geotechnical engineering, construction and
agricultural projects. Various type of polymers has shown
the increase of water retention inside the soil, reducing
the erosion between the soil particles, improve the soil
shear strength and as a support mechanism to the soft peat
structure. Polymer substances mainly affect the
aggregation and the strength of the soils through their
interaction with fine type of soil particles by increase
their steric stabilization and prevent the soil particles
from approaching each other. Hence, this study was
conducted by using a polymer in order to investigate the
strength changes in peat after the stabilization process.
The objective of this study is to identify the strength
changes in original peat and stabilization of peat with
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2. Literature Review

2.1 Stabilization using Polymer

There are two groups of chemical stabilizer which are
traditional and non-traditional stabilizer [17]. Example of
traditional stabilizer is lime, Portland cement and fly ash.
While for the material such as ionic, polymer and
petroleum resin, it can be considered as non-traditional
stabilizer. In recent years, an increasing number of non-
traditional additive have been developed for soil
stabilization purposed. The main factor for increasing in
demand of these stabilizers is due to their ability to repair
the strength condition of the soil and reduced the curing
time process.

Polymer is large molecules that consist of long
hydrocarbon chain. It’s easily modified which leads to
potentially endless combination of polymers and
entwined between the soil particles thus providing a
stabilizing effect. In effect, the polymers have an ability
to bind the soil particle together, and stabilizing the soil
matrix [18]. The common polymer soil stabilization
method that has been used widely is application of vinyl
acetate or acrylic based copolymer. Acrylic copolymers
are designed to turn the soil particles into a solidified
medium that consist of certain engineering properties.
The polymer hardens upon the evaporation of the water
which results in a continuous matrix and film around the
aggregate. In general, polymer emulsions were identify as
suitable for the soil improvement on most soils; however
certain products can be more effective on specific soil
types only.

As the primary stabilization mechanism of
polymer is physical bonding, strength improvement
depends on the ability of polymer to coat the soil
particles. Therefore, the strength improvement depends
on the physical properties of the polymer [19]. Studies
regarding polymer soil stabilization showed that polymer
based stabilizers gained strength over a shorter period of
time than traditional ones in various soils. Soil treatment
with polymers results in highly improved strength and
durability. Strength gains, as measured by unconfined
compressive tests, demonstrate that the polymer-
stabilized soil properties improve with curing time.

Vinyl Acetate - Acrylic Copolymer (VAAC) is a
unique soil stabilizer that can stabilize the soil and control
the dust and erosion at the same time. The VAAC is
composed of Polyethylene Glycol Octyl Phenoxy ether
and Polyethylene Glycol Octyl Phenyl ether. It can
penetrate into the soil and coat the soil surface when
applied to peat. This VAAC also can bind the soil fibre
together by forming a resin bond. Means that, this
stabilizer is able to cement the soil particle and build
durable and waterproof surface. Indirectly, it makes
VAAC as a cost effective alternative treatment for
unpaved road.

3. Experimental Program

3.1 Peat Sampling

Sampling of peat was carried out in Parit Nipah, Batu
Pahat, Johor. For the sampling purpose, excavation of
disturbed samples was done below the top soil in order to
avoid disruption of samples from visible root and
branches. Ground water table was found to be about 0.5
m from the ground surface. The surrounding location is
mostly planted with pineapple and palm tree. Visual
inspection of peat soil were indicating that it has a very
high water retention capacity, dark brown in colour and it
also very spongy when step on their surface. A Von post
classification test was conducted to identify its
decomposition level by squeezing the peat soil as shown
in Fig. 1. It releases very muddy dark water with a small
amount of peat passed through the fingers and really
sticky. Hence, this Parit Nipah peat soil can be classified
as H5 which is hemic peat with a moderate
decomposition. In order to maintain its properties and
moisture content, the disturbed samples were kept in a
controlled humid room that available at RECESS,
UTHM. This controlled room used to avoid any fungus
grows on the surface of the soil since peat soil itself is
formed by decayed of wood and root.

Fig. 1 Von Post Classification Test

3.2 Sample Preparation

Larger material such as isolated roots, large fibre and
stones were removed from peat soil. The moisture content
of peat was reduced till the formation process can be
conducted easily. In this study, repetition process has
been performed to obtain the suitable method and
moisture content that can be used to mix peat with the
polymer. The reduction of 10% of its original moisture
content were considered as the minimum amount of
moisture that able to form the soil sample. The sample
was dried in the oven (105°C) and also at the room
temperature (29 °C). The time taken to reduce the
moisture content until the suitable value was recorded. It
is important to know the length of time taken to reduce
the moisture content since this is a part of method of
sample formation that needs to be repeated. All samples
were prepared in a good condition without any peat was
peeled off on surface or remained on the mould.

A mixer was then used for 3 minutes to initially mix
the peat and VAAC to ensure that the solution was mixed
well for their homogeneity and the new moisture content
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obtained were uniformly distributed throughout the soil
as shown in Fig. 2.

Fig. 2 Sample Preparation '

Next, peat sample was filled and tamped for three
layers in a mould of 50 mm internal diameter and 100
mm height as shown in Fig. 3.The density of each layers
were controlled at 1147kg/m®. These samples then were
cured for 1, 7, 14 and 28 days. The results obtained were
analysed. The amount of water was added in VAAC is in
aratio of 1 VAAC to 3 water (1:3). The reason of dilution
process is to reduce the cost and to control amount of
VAAC used.

ig. 3 Mould for Sample Formation

3.3 Geotechnical Tests

The disturbed samples were used to determine moisture
content, organic content, particle size distribution,
specific gravity, pH and other related properties.
Unconfined compression test was used to identify the
strength difference between the original and peat-polymer
stabilization. The shrinkage characteristic for both
conditions of peat was identified.

4. Results and Discussion

4.1 Properties of Parit Nipah Peat Soil

Laboratory tests have been conducted to find the moisture
content, specific gravity, organic content, pH and liquid
limit. The Von post humification and core cutter was
done at the site. The core cutter test was conducted to
identify the unit weigth of the peat. The soil use for this
test was peat soil and the basic material properties are
presented in Table 1. These data were compared with the
values investigated by past researchers. Peat shows
unigue geotechnical properties in comparison with those
of inorganic soils such as clay and sandy soils which are
made up of only soil particles.
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Table 1 Properties of Peat Soil in Parit Nipah

Properties Value
Moisture
Content (%) 605
Organic 66
Content (%)
Liquid Limit
%) 203
Specific
Gravity 14
pH 3.75
Von Post
Humification H5

4.2 Curing Method

Air curing time is a technique to expose the mixture
of peat and VAAC to the air without any external water
intruding into the stabilized samples. This air curing
techniques was adopted as the natural water content of
the peat was very high. During the mixing process of
VAAC and peat, there was no water added to the natural
peat, as the high water content in peat also helps in
stabilization process, as in stabilization soils enough
moisture content is essential not only for the hydration
process to proceed but also for efficient compaction. An
air curing technique is used to strengthen the stabilized
peat soil samples by gradual moisture content reduction,
instead of the usual curing technique or water submerged
method. In this study, two curing techniques used to cure
the stabilized peat soil by leaving it in normal room
temperature (UW) and in control box with temperature 29
°C (W). These two techniques were selected to identify
the ability of VAAC to bind the particle with and without
exposed to the moisture changes.

Usually the technique of maintaining the moisture
temperature is used to control the cementing particle
process without loss of moisture. Hence, any changes in
strength is because of the effectiveness of the VAAC acts
in peat. All the samples were wrapped in plastic sleeves
as soon as the stabilized peat samples were formed. These
samples were kept in temperature 29 °C and out of water
intrusion during the curing period. Water added in the
box, to maintain the humidity of the surrounding. Hence,
it reduces the effect of loss in moisture content of
stabilized peat.

The technique of exposed the samples in normal
room temperature was used to adapt with the behaviour
of VAAC itself which is it can change from liquid form
to solid rasin form upon drying as shown in Fig. 4. From
the earlier expectation, this VAAC can mixed well with
the peat while it is in liquid form and after the sample
formation process, this VAAV can bond the soil particle
in solid rasin form. So, these stabilized samples were
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allowed unwrapped in a rack for drying purpose to allow
the formation of solid rasin form.

VAAC Polymer

Fig. 4 Solid Rasin Form

4.3 Strength Properties of Peat

In order to identify the effectiveness of using VAAC
in peat soil, two different conditions have been used for
curing process which was wrapped and unwrapped. These
samples then tested on its strength by using unconfined
compression test. Hence, the strength obtained from this
test were recorded. Results of the original peat strength
for 1, 7, 14 and 28 days of curing period are as shown in
Table 2. It can be seen that, the optimum strength
obtained at 14 days for wrapped condition and 28 days

for unwrapped condition.

Table 2 Optimum Strength of UCT for Original Peat

Unconfined Compressive Strength
Conditions (kPa)
lday | 7days | l4days | 28days
Wrapped 16.58 | 18.39 25.8 14.66
Unwrapped 46.25 | 224.7 284.3 3934

These peat samples then were stabilized by using
10%, 20%, 30%, 40%, 50%, 60% and 70% of VAAC.
Fig. 5 shows the strength of stabilized peat is lower than
the strength of original peat in a wrapped condition. The
pattern of strength changes from day 1 until day 28 is
almost similar where it is increased till the day 14 and
then decreased after that. It shows that, without loss of
moisture in peat, the VAAC did not well performed.
Means that, the changes of moistures is needed for this
types of polymer to let the sample dry and increase the
VAAC - P strength or in other comprehension, this
polymer is only suitable for the soil surface stabilization
process.

Strength (kPa)

Curing (Days)
—+—0% - 10% --@--20% --&-30% --%--40% —%-50% —=— 60% —%—70%

Fig. 5 Strength Changes in Wrapped Condition

The longer the curing time, the higher strength
gained, but until a certain time, the strength was
decreased. The optimum strength obtained at 14 days and
after that the strength decreased. Fig. 6 shows strength
increase after 24 hours curing time. The VAAC-P
becomes stronger at 14 days and after that the strength
slowly decreased. Unconfined compression test (UCT)
also conducted to see the strength obtained at 56 day.
Results show that the strength decreased.

From the strength obtained for the different
percentage of VAC in peat stabilization, the suitable
percentage of VAAC-P was selected based on optimum
strength that obtained which is 70%. In Fig. 7, it can be
seen clearly that the strength gained for sample cured for
14 days is higher than the sample cured for 28 days.

Fig. 6 Strength Changes (UW)
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2500 ,;
/‘ -
2000

1500 3 e

Strength (kPa)
/

1000

¢ ¢
0% 10% 20% 30% 40% 50% 60% 70%
Percentage of VAAC (%)

Fig. 7 Strength at Same Curing Period (UW)

Since this material only works with the presence of
heat, the shrinkage of the sample is quite high which is up
to 24%. To reduce the percentage of shrinkage and
strength increase at the same time, the UCT was
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performed for the sample that stabilize with 70% of
VAAC added with binder material such as sand, lime and
cement in order to determine their new unconfined
compressive strength and shrinkage. 30%, 50% and 70%
of sand was added (as a replacement in weight of solid) to
the original peat, peat stabilized with 20% of VAAC and
peat stabilized with 70% of VAAC. Then, sand was
replaced with lime and cement, but the amount of lime
and cement added into peat is same. As a comparison,
peat stabilized with 20% of VAAC and added with the
binders was conducted. All the samples were conducted
at 14 days curing period.

The results is as shown in Fig.8. It can be described
that the increasing of percentages (30% and 70%) of sand
in the original sample and also in the mixtures of 20%
VAAC and 70% VAAC in peat, the strength obtained
was decreased. The same results obtained when replaced
the sand with the lime and cement. But for the 50% of all
binders shows the flunctuated results. It might be because
of the reaction between the VAAC and the binders.

Sand (UW)
. 3000 Without binder
= 2500
2 2000
;’:D 1500
5 1000 With binder
= 500 F_,/ —
o v
0% 20% 70%
— 0% S 2843 683.1 2826
—— 50%5 2149 157.8 424
50%S 1305 196.9 5201
—— T0%S 99.63 1138 3343

%% VAAC

Cement (UW)

3000 . .
= 2500 Without binder
& 2000
= 1500 ith bi
;;“ 1%88 With binder
E 0 gs_‘_; —3
[ 0% 20% 70%
— 0%C 2843 6831 2826
—— 30%C 193.4 86.74 402
50%C 79.76 2266 3107
—— 70%C 41.76 44.03 1751
% VAAC
Lime (UW)
2000 Without binder
= 2500
2 2000
=3 1500
- 1000 —
5 With binder
7z 500 "
—
0]
0% 20% 70%
— 0%L 2843 683.1 2826
—e— 30%L 284 2463 3953
50%L 476.6 2027 2735
—— T0%L 1879 45.36 319.7

% VAAC

Fig. 8 Effect of 30%, 50% and 70% of binder in VAAC-P
stabilization.
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Cement, lime and sand were considered as a material
that can increased the strength of peat based on some
research conducted by [20] which is used sand and
cement together with bentonite and calcium chloride as
an additive in their model for the construction of soil —
cement columns for peat stabilization. Results show that,
the unconfined compression strength of the peat increased
significantly after the stabilization process.

However, by comparing the results of strength
obtained from VAAC-P with and without binder, it
clearly shows the drop of strength after added some
binder in the mixtures of VAAC and peat. It is because of
the existence of VAAC in peat itself. The solid rasin bond
between peat and VAAC was bonded well without any
additional of binder. So, the presence of binders was
disturbed the cementing bonding between the particles,
thus, reduced the strength in soil.

From the observation, the VAAC have a greate
mechanism to agglomorate the fibre together because
VAAC can cementing the fibre during the dying process
by forming clear plastic and resin bond. Hence, the solid
bond produced the hard surface that flexible to withstand
the load exerted.

5. Conclusions

The wrap sample shows an increase in strength
started from day 1 until day 14, but the strength increase
was markedly less than seen with unwrap sample. There
are limited study on stabilization of peat by using a liquid
polymer since the water content in peat itself is higher.
As a conclusion, VAAC can be used in peat as a
stabilization agent and the optimum strength obtained is
at 70% of VAAC. The suggested binder in this paper has
reduced the strength of the VAAC-P and reflect as not
suitable for this mixture.
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