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Generally, organic soil such as peat always associated with low strength
properties and high compressibility behaviour that causes unfavourable load —
settlement characteristic for any construction purpose. Conventionally, it is
common to avoid these problematic soils area or in some cases soil replacement
is used as a normal practice. However due to certain unavoidable circumference,
rapid application method of soil stabilisation may attractively useful for rapid
construction purposes, particularly during emergency or contingency in which
time is greatly crucial. In this study, hemic peat soil has been stabilised using
polymer resins such as melamine urea formaldehyde (MUF) polymer resins for
the application of soil column reinforcement method. For this purpose, peat
medium has been reinforced using powdered MUF (MUF-P) for rapid strength
gains within maximum 72 hours or 3 days of curing period. Preliminary, strength
development of treated peat soil has been studied using unconfined
compressive strength (UCS) test. Physical properties of untreated and treated
peat are among other important characterisation, as well as other mechanical
properties that were also studied in this research. The results of laboratory test
were important as input parameters for physical modelling test and finite element
analysis. Physical modelling of scale-down laboratory model of the footing for
area replacement ratio, a = 9.4%, 14.1% and 23.6% with various depths of 100
mm, 150 mm and 200 mm has been developed and simulated for load bearing
test. Soil columns were treated with designated maximum MUF-P proportion
under wet curing method before tested under load test at various depths for end-
bearing foundation application. Additionally, finite element modelling using
PLAXIS software was conducted for validation purpose. Parametric study such
as bearing capacity and settlement reduction ratio had also been conducted
accordingly. Overall, the result in this study has suggested that the stabilisation
of peat soil using MUF-P resin polymer had significantly improved the strength
properties, permeability characteristic and compressibility behaviour of peat
within 72 hours of curing. Moreover, reinforcement of peat medium using soil
column method with 350 kg/m3 MUF-P binder had indicated that improvement of
bearing capacity ratio (BCR) has increased proportionally to the increase of a



from 14.1% to 23.6%. Validation using finite element modelling and analysis also
had confirmed that improvement of load — settlement behaviour of treated peat

soil using soil column method had a considerable agreement with physical
modelling results.
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Umumnya, tanah organik seperti gambut seringkali dikaitkan dengan sifatnya
yang mempunyai kekuatan ricih rendah serta kebolehmampatan tinggi yang
menyebabkan ianya kurang sesuai untuk apa jua tujuan pembinaan. Secara
konvensional, ia seringkali dielak dalam projek pembinaan atau dalam kes
tertentu, tanah gantian mungkin akan digunakan. Bagaimanapun, dalam
sesetengah situasi, kaedah penstabilan tanah yang cepat mungkin berguna
untuk aplikasi pembinaan pantas, terutamanya bagi kes seperti dalam situasi
kecemasan, bencana atau ancaman keselamatan yang mana masa adalah
sangat kritikal. Dalam kajian ini, tanah gambut hemik telah diperkukuhkan
dengan resin melamin urea formaldehid (MUF) menggunakan kaedah tiang
tanah. Tanah yang diperkukuh menggunakan kaedah ini dirawat menggunakan
serbuk MUF (MUF-P) untuk perawatan cepat dalam masa 72 jam. Kekukatan
tanah yang terhasil telah diselidiki menggunakan ujian kekuatan mampatan tak
terkurung (UCS). Ciri fizikal bagi tanah tak terawat dan terawat merupakan salah
satu pencirian penting selain ciri mekanikal dalam kajian ini. Keputusan ujikaji
makmal pula penting sebagai input untuk ujian model fizikal dan analisis unsur
terhingga. Model fizikal untuk rekabantuk asas berskala makmal bagi nisbah
luas gantian, a = 9.4%, 14.1% dan 23.6% dengan kedalaman 100 mm, 150 mm
dan 200 mm telah dibangunkan dan disimulasi untuk ujikaji galas beban. Tiang
tanah dirawat dengan kandungan MUF-P yang optimum dan diawet dalam
keadaan basah sebelum ujikaji bebanan dilakukan pada kedalaman dan a yang
pelbagai bagi aplikasi asas galas hujung. Selain itu, permodelan unsur terhingga
menggunakan perisian PLAXIS telah dijalankan untuk tujuan pengesahan.
Kajian parametrik seperti nisbah kapasiti galas dan pengurangan mendapan
juga dilakukan. Secara keseluruhan, keputusan kajian mencadangkan bahawa
penstabilan tanah gambut menggunakan MUF-P telah menunjukkan
peningkatan ciri kekuatan, kebolehtelapan dan kebolehmampatan yang
memberangsangkan selepas diawet dalam masa 72 jam. Tambahan pula,
pengukuhan medium gambut menggunakan kaedah tiang tanah dengan
komposisi 350 kg/m® MUF-P telah menunjukkan bahawa nisbah kapasiti
bebanan tanggung telah meningkat secara berkala apabila a meningkat dari



14.1% ke 23.6%. Pengesahan menggunakan permodelan dan analisis unsur
terhingga juga telah mengesahkan bahawa tiang tanah meggunakan tanah
gambut yang terawat adalah bersaling kait dengan data ujikaji menggunakan
permodelan fizikal.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Generally, peat soil deposits can be distinguished based on their physical
identification. They are the partly decomposed fragmented remains of plants that
have accumulated under water and have humified. They are composed of more
than 50% organic substances (Kalantari, 2013). Naturally, these organic
deposits are highly moistened due to the presence of high-water table that is
consequently translated to its problematic characteristics of low shear strength
and high compressibility behaviour. The problematic behaviour of peat soil
deposits always poses great concerns and engineering challenges to
geotechnical engineers and researchers.

Additionally, peat soil shows other inferior engineering characteristics such as
high liquid limit, low density, and poorly distributed grain size distribution
compared to inorganic soils. Therefore, it is understandable that most of the time,
engineers are trying to avoid any kinds of construction or civil engineering
projects in peat soil area. Nevertheless, a significant amount of peat soil can be
vastly found in many parts of the world, either in temperate or tropical region.
Generally, tropical peat covers a total of 30 million hectares of the world land,
where some 60% of it can be found in Southeast Asia. Malaysia alone, has about
8% of its total land (3 million hectares) covered with tropical peat (Duraisamy et
al., 2007; Kalantari, 2013). In western part of Johore, Malaysia for instance,
peatland area currently serves as one of the important economic zones along
with others most-developed region of western costal part of Peninsular Malaysia.
Nowadays, hundreds of hectares of peat or organic land which were previously
agricultural land are being transformed as housing and commercial lands (Ling
et al., 2014) due to the increasing demand for the fulfilment of socio-economic
development.

As such, there is a strong sense among many geotechnical engineers and
researchers to find ways to resolve this problematic soil by strengthening using
various methods through considerable amount of time in research works for
different specified purposes. Plentiful construction methods have been studied
and some were implemented particularly for foundation construction or to
support embankments for various construction projects of general purposes.
However, in many cases post-construction bearing failures and large settlement
remains continue to occur even after stabilisation work. Additionally, other
methods of stabilisation, such as rapid stabilisation, may also yet to be explored
for the benefit of future research, that are not only limited to certain application
purposes.



1.2 Problem Statement

Population growth and economic activities increased intensely within past few
decades in most parts of western coast of Malaysia Peninsular including lowland
area due to limitation of suitable land. Therefore, it is likely inevitable to make full
use of identifiably less favourable soils like peat that dominates most of this area.
However, sustainable future growth is not only about the volume of economic
development, but more importantly some unforeseen events, such as man-made
or natural disaster, might require advancement in current soil improvement
technology. Preliminarily, peat soil are composed of fibrous organic matters that
are organic residues of plants formed through incomplete decomposition
process. According to Jarret (1995), it is classified as an extreme form of soft soil
that contains more than 75% of organic content. In Malaysia, peat soil, which are
considered as problematic soil, made a significant appearance of about 8% of 3
million hectares of total land area in Malaysia. The west Malaysian peat exhibits
low strength, very high compressibility, and low bearing capacity (Hashim and
Islam, 2008). Traditionally, excavation — displacement or replacement, ground
improvement, and reinforcement through preloading and vertical drains, stone
columns, piles and light weight foundation system are among considerable
options for peat soil stabilisation (Edil, 2003). However, allimprovement methods
are mostly applied for general use in engineering construction, but not intendedly
studied for specific purpose such as rapid engineering application.

Organic soil such as peat can be found vastly in western costal area of Johore
state. In this wetland region, Batu Pahat currently serves as the second largest
township in Johore after Johore Bahru which is experiencing rapid development
since the last decade. Hundreds of hectares of peat or organic land, which were
previously agricultural land, are being developed as housing and commercial
lands (Ling et al., 2014). Over the years, industrial zones and public high learning
institutions establishment along with constructions of two-lane highway, have
become catalyst for rapid development and construction to meet both residential
and commercial demands.

Additionally, the Kuala Lumpur International Airport 2 (KLIA2) which was
constructed over peat soil medium also known to have long-standing issue of
differential settlement. According to a report, suggestion to close down the airport
for treatment works would not guarantee for the issue to not occur again, given
the degree of soil settlement which was expected to be fully stabilised in five year
times and has set aside some RM10 million a year for the programme (Bahari,
2014; The Malaysian Reserve, 2017). Previously, there was also a plan to spend
over RM100 million to upgrade other airports in Malaysia including KLIA which
is located near to peatland area that might require “astronomical” funding
(Bahari, 2017; Yusof, 2019).

In West part of Malaysia, mostly peatland area is distributed along the west coast
area. Pan Borneo Highway which is known to be a costly engineering project
that involved construction of highway over soft ground. In a report, 70 per cent
of about the RM12 billion cost will be spent on building the stretches that pass
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through peat soil (Tawie, 2016). Evidently, all this valuable construction projects
on soft soil medium always associated with high pre-construction cost and
problematic post construction settlement that need to be addressed in near
future along with other consideration of newly developed rapid stabilisation
technique within particular area of interest for specific purposes.

In general, stabilisation of material can be achieved effectively by adding
chemical reactant to the material so that it can react rapidly thus bond them
together to form strengthened material. This includes using Portland cement,
lime, bitumen, fly ash and other materials, such as melamine resin and phenol
formaldehydes resin (Bell, 1993). However, types of binder and stabilisation
method to be chosen for depends on different purposes and specific conditions.
They are also certain factors that should be considered and followed before
making any selections of materials (Liu and Evett, 2006). Typically, military
application, for instance, is mainly concerned with construction of pavement and
airfield that only involve surface stabilisation of soft clay (Rafalko, 2006; Brandon
et al., 2004). At this moment, critical study on chemical admixture such as
formaldehyde resin particularly for rapid application has been rare and
uncommon to the peat soil. Notwithstanding the good results that polymers give
in soil stabilisation, their use and non-traditional stabilisers in general is
considered limited due to the lack of adequate studies and publications (Naeini
and Ghorbanalizadeh, 2010).

Essentially, the application of rapid soil stabilisation concept previously
concerned with construction of excess roads and airfields design in order to
improve mobility on the ground since late 1940s (Brandon et al., 2004) has been
extended for more specific applications, such as humanitarian and disaster relief
missions. In particular, the establishment of temporary shelter might require
additional consideration such as improvement of ground condition. An initial
assessment should also be carried out as soon as possible after the disaster
occurs, while addressing any life-threatening or other critical needs Sandison
and Davidson (2011). This requirement for rapid or instantaneous solution is in
concurrent with the military specification which may also have a requirement to
develop methods of strengthening soil to support rapid runway, roadway
construction (Morefield et al., 2004) and other possible preliminary geotechnical
works, such as treatment of ground foundation. Ideally, maximum of 72 hours to
achieve required strength after treatment could be considered acceptable under
emergency condition during military operation (Rafalko et al., 2008). Additionally,
time effects are the main driving force for rapid stabilisation of soil with the goal
to achieve a soil stabiliser that will produce the appropriate stabilised soil
properties within 72 hours of treatment (Brandon et al., 2004).

Since 1960s, deep mixing technique has steadily progressed and successfully
applied in various parts of the world such in Japan, Europe and the US for
solution of various problems in soft ground engineering. It has been applied, for
instance, in the prevention of sliding failure, reduction of settlement, excavation
support, controlling seepage, and preventing shear deformation (Porbaha,
1998). Eurosoilstab (2002) had highlighted that full interaction between columns
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and the intermediate unstabilised soil is assumed to occur if there are no initial
ongoing movements in the natural ground where the structure is to be built. For
an average value of the shear strength, stability can be calculated on the basis
of cylindrical slip surfaces. This can be done provided that these columns are
axially loaded, which applies for the active part of the slip surface, and that the
maximum characteristic value of the undrained shear strength of the columns
(cu) is put between 50 to 100 kPa or in favourable cases at 150 kPa.

1.3 Objectives of the Study

By taking into account the requirement for rapid peat soil stabilisation for specific
application using soil-columns method, the objectives of this research can be
described as follows:

1. To characterise strength properties of peat soil through laboratory test
for determination of rapid strength properties of hemic peat soil treated
using melamine urea formaldehyde (MUF) polymer resins.

2. Tomodel alaboratory-scaled load bearing test equipment and numerical
modelling for soil-columns of treated hemic peat soil.

3. To evaluate load and settlement properties of hemic peat medium
reinforced with treated peat soil-columns using physical model and load
bearing test.

4. To validate load bearing characteristic and settlement behaviour of
treated soil based on finite element analysis using PLAXIS simulation
software.

14 Significance of the Study

Primarily, this study was conducted to establish new fresh look of knowledge on
treatment method for peat soil in Malaysia using rapid soil stabilisation method.
Currently, study on rapid soil stabilisation especially in Malaysia peat is
uncommon and considered a new area of research which requires considerable
attention among researchers. In general, western part of peninsular Malaysia,
such as Batu Pahat in Johore, has always been a catalyst for economic
development that is also found to be rich in hemic peat soil. Peat soil is known
for its problematic properties with low strength characteristic. Thus, it has been
a critical subject of geotechnical research for past few decades in this rapid
developing region. Until recently, more studies on this particular area has to be
refreshed considering recent development on infrastructures and economic
advancement in the region along with other strategic issues when dealing with
possible future of global disasters. Among other key development projects of
infrastructure includes proposal of high-speed railway tracks and other
significant construction projects, such as new educational township and airfield,
to boost economic and education development in this strategic economic region.

Currently, there is no significant study on peat soil stabilisation such as newly
research area of rapid treatment method especially using non-conventional
binder other than cement and pozzolanic materials. Some of previous studies
only focused on other soft soil such as silty clay, clay and sand (Ajayi-Majebi,
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1991; Santoni et al., 2003; Naeni and Ghorbanalizadeh, 2010, 2012). At this
moment, critical study on chemical admixture such as formaldehyde resin
particularly for rapid application has been rare and uncommon particularly to
organic soil such as peat soil. More research regarding the use of non-traditional
binder is needed in order to provide and support better understanding and
information for the sake of sustainable future of geotechnical study in this area.
Furthermore, conventional binder such as cement is also responsible for about
5% — 8% of global carbon dioxide (COz) emissions around the globe and is
expected to grow 0.8 to 1.2% per year until it may reach 4.4 billion tonnes of
productions in 2050 (World Business Council for Sustainable Development,
2010).

This study also principally aims to establish of new knowledge and connection
on related issues to create a link between pure engineering applications with
other potential areas of research such as for humanitarian, disaster relief
mission, and to some extent for military requirement and specification.
Specifically, instantaneous or rapid strength gain of soil foundation is primarily
important criteria for establishment of temporary or transition post-disaster
shelter or camp. Saunders (2011) had highlighted that an initial assessment
should be carried out as soon as possible after the disaster occurs, while
addressing any life-threatening or other critical needs. Though, maximum of 72
hours to achieve required strength after treatment could be considered
acceptable under emergency condition during military operation (Rafalko, 2008).

Additionally, deep soil stabilisation technique is often an economically attractive
alternative to other stabilisation methods such as removal of deep peat and use
of piling foundation. Nowadays, deep soil stabilisation method is proven to be
economical and requires minimum time (Islam and Hashim, 2010). The essential
feature of deep soil stabilisation is that column of stabilised material is formed by
mixing the soil in place with a binder and the interaction of binder with the soft
soil leads to a material which has better engineering properties than the original
soil (Hebib and Farrell, 2003). Beneficially, this method could avoid the need of
natural soil replacement and eliminate excessive waste material problem.
Compared to traditional techniques, the cost of transporting the spoils decreases
because the soil is mixed in situ rather than replaced, and the net quantity of
excess material is considerably less (Porbaha et al., 1998). In this study,
stabilised soil columns performance was tested and evaluated using physical
model which is commonly used for soft soil stabilisation study.

15 Scope and Limitation of the Study

Generally, the peat soil was treated and tested in this study based upon various
types of laboratory test with melamine urea formaldehyde (MUF) polymer resin
before stabilised using specified soil columns method of stabilisation within
designated curing period of maximum 72 hours or 3 days after treatment
(Rafalko, 2006; Brandon et al., 2004). This was based on unconfined
compression strength test data of undrained shear strength behaviour, which
also should simulate if not better, the same result when using isotropic triaxial
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test procedure according to EuroSoilStab (2002). Subsequently, treated soil
using optimum proportion was further studied and simulated using laboratory
scale physical model for load bearing test and compared to simulation analysis
of finite element method (FEM) using PLAXIS software. Tropical hemic peat soil
was selected throughout the tests after considering its local availability and
important contribution to socioeconomic impact, as well as its medium peat
characteristic.

Preliminarily, basic properties of untreated and treated peat soil were studied to
support primary data from various research works previously done in this area
for determination of strength parameters. The main laboratory test conducted in
this study was initially for peat soil treated using liquid type of MUF polymer resin
and subsequently extended to powdered MUF polymer resin as a fulfilment of
additional study on mixing condition and method of curing. All strength tests were
conducted using unconfined compression strength (UCS) test for two different
types of curing method; dry and wet curing. Further strength parameters
determination was obtained using isotropic triaxial test, and other important
engineering properties test such as compressibility and permeability were also
conducted in the study to support the finding.

The performance of laboratory scale soil columns treated with MUF polymer
resin has been simulated using physical models with provision of adequate
boundary condition. In this study, three types of soil columns configurations were
explored accordingly based on strip footing of group columns. Load bearing test
was executed for different depths and columns spacing to replicate group
columns bearing capacity and settlement behaviours under axial load for end
bearing application. Further details on specification are discussed accordingly in
Chapter 3.

Simulation analysis using finite element method was primarily based on previous
published research data for strength properties data input with exception of
newly established strength parameter characteristics of MUF treated peat
column. For this reason of study, PLAXIS 3D version was utilised to optimise the
accuracy of analysis through 3-dimensional modelling of the footing and soil
system. However, only Mohr-Coulomb theory was included in simulation
considering limited availability of soil properties data for more advanced analysis
execution.

1.6 Thesis Organisation

Generally, this thesis is presented in 5 chapters including introduction part
(Chapter 1). The second part in Chapter 2 elaborates the literature review on
peat, stabilisation method, previous research review, characterisation, physical
and numerical modelling and test. In Chapter 3, important research methodology
is discussed accordingly to accomplish the objectives of the research as
described Consequently chapters.



The following chapter (Chapter 4) deals with results and analysis, describing
significant findings previously conducted using various types of laboratory test,
physical modelling and experimental test, and also numerical modelling and
analysis as described in Chapter 3. Concluding remarks are described
elaborately in final chapter (Chapter 5) along with other discussions related
recommendation for future study.
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