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ABSTRACT

Peat distribution is extensive and can be found in many countries throughout
the world. These soils are problematic as they are very highly compressible and low
shear strength. Conventionally, the normal practice is to avoid these soils area, soil
replacement or driven pile. However due to dearth of suitable land for development,
avoidance of construction on peat is no relevance anymore. Replacement method
will make large scale disposal of peat in unacceptable amount in future. Structures on
peat that suspended on piles normally give deposition effect to surrounding ground.
In Malaysia, there is approximately 26000 km? of peat. Johor is 3rd largest of peat
total area in Peninsular Malaysia but recorded the largest oil palm and other crops
plantation area on peat. Malaysia once becomes the main contributor of oil palm in
the world but after 2006 Malaysia turn into second place after Indonesia. According
to Malaysia Palm Oil Board (MPOB), transportation problem on peat identified as
one reason of oil palm production shortage.

In scope of effective, economic and rapid improvement method, mass
stabilization technique by using cement perceived a good option for peat stabilization
on oil palm planting area. Nevertheless, cement productions contributes roughly 5%
of carbon oxide (CO.) all over the world. Until 2012, cement volumes are
approximately 3.7 billion ton and forecast to reach 4.4 billion ton by 2050. Average
emissions are approximately 900 kg COz/ton cement. The prices of cement are also
expected increases year by year. For these reasons, utilization of biological plant
waste materials is seen to be a good measure in creating a new sustainable method
for peat stabilization. Sugarcane production is presently world No. 1 commodities.
About 32% of bagasse is produced from every ton of sugar cane that been processed.
The total plantation area of sugarcane bagasse in Malaysia is nearly 150 km?. About
82000 ton of sugarcane is produced in 2012; hence bagasse also can be easily
obtained in Malaysia. Normally, bagasse burned to produce energy and steam for
power in factory and finally leave the ash as the waste. Increasing concern of
disposal of bagasse ash residual creates interest to explore the potential application of
this material. Main objectives of this study are to demonstrate the effectiveness of

Sugarcane Bagasse Ash (SCBA) as pozzolanic materials that possibly can be used



for partial cement replacement in peat mass stabilization. This dissertation consists of
seven chapters. The specific content of each chapter are described as follows:

Chapter 1 presents an introduction of this research. Current problem and
motivation to conduct this research are to be presented in this chapter. Objectives and
structure of the thesis are also described.

Chapter 2 deliberates an overview of peat concerning to geotechnical
characteristics that highlight the physical, chemical and mechanical properties. The
collected results of studied peat from Hokkaido then compared to Malaysia peat in
order to investigate the similarity potential. It is observed that studied peat has
similar properties with the Johor peat located in southern part of peninsular Malaysia.
Therefore, it is expected the research finding could be also applied on Johor peat in
future.

Chapter 3 presents the approach method to clarify the effectiveness of three
types SCBA utilization on peat strength. The Unconfined Compressive Strength
(UCS) tests were conducted at all samples with the aim to elucidate the stabilized
peat strength improvement. The new simple method for preloading during curing
was executed by using controlled air pressure instead of iron rod in conventional
method. The main target of this chapter is to determine the optimum SCBA inclusion
as partial replacement of cement. Next, the optimum mixtures from each SCBA were
used in further UCS test that stresses on various effect factors in peat stabilization. It
was found that optimum Peat-Cement-Bagasse (PCB) mixtures attain the maximum
UCS and discovered greater than Peat-Cement (PC) specimen. Moreover, the
proposed calculation to predict deformation modulus of PCB mixtures based on two-
phase mixtures model was introduced and developed. The main benefit of this
proposed model is the ability to determine the optimum PCB mixture which depends
on the physical and chemical effects of SCBA. It was observed that the proposed
model outcomes demonstrate a well agreement with the experimental results. At the
optimal mix design, the UCS of the stabilized peat specimens increased with
increasing of curing time, Ordinary Portland Cement (OPC) dosage, silica sand
dosage and preloading. At final stage, the preloading rates during curing and ideal

mixture proportions are recommendable for the peat stabilization to be effective.



Chapter 4 discusses the strength improvement mechanism of stabilized peat
by focusing on the microstructure and chemical composition enhancement. The main
objective in this chapter is to verify the results obtained from previous chapter. It can
be stated that the stabilized soil is characterized by a well cemented soil medium
with tiny pore spaces within it as a result of the pozzolanic activity of SCBA. The
oxide compound percentages from Energy-dispersive X-ray spectroscopy (EDX)
results clearly depict that lower CO. and higher calcium oxide (CaOz) portions
contribute the better results of strength. Additionally, the essential pozzolanic oxide
compounds [Silica (SiO2) and Alumina, (Al203)] display the high proportions for
stabilized peat which proves the formation of cementation products namely Calcium
Silicate Hydrates (CSH) and Calcium Alumina Silicate Hydrates (CASH).

Chapter 5 considers the evaluation of SCBA quality on pozzolanic effect in
stabilized peat. Pozzolanic effect of SCBA was determined from the outcomes of
UCS with different curing duration by setting the strength of PC mixture as a
reference. Previously, it was detected that the main different between SCBA
characteristics are their particle sizes and chemical compositions. Hence, mean grain
size (Dso) and CaO2:SiO ratio of SCBA were adopted in statistical multiple
regression model analysis in order to predict the mixtures strength that consider
many other factors of peat stabilization. Considering the suggestion of the preloading
rates and best mixture proportions in chapter 3, the estimation equations were
simplified to easy form that emphasizes the SCBA quality and quantity only. Finally,
the quality of SCBA characteristics (Dso and Ca02:SiO;) that can be utilized in
hemic peat stabilization were suggested.

Chapter 6 illustrates the effectiveness of optimum PCB mixtures on peat
deformation behavior. Afterward, the outcomes were compared to PC mixture and
untreated peat compressibility test results. There was a significant reduction of void
ratio (e) for optimum PCB mixtures as compared to the untreated one. The essential
effect of treatment on the compression behavior is the increase in the
preconsolidation pressure, ¢’c with curing period which means the compression
curve of the stabilized soil is shifted to higher effective stress. It is found that the
ratio of the secondary compression index, C, to compression index, C. or C,/C. of

untreated peat obviously decrease after stabilized with optimum PCB mixtures. As
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the C./C; ratio declines, the soils engineering behaviors is shift from organic soils to
inorganic soils and finally reach to a granular material after a month of curing age on
the best optimum PCB mixtures. As a result, stabilized peat with high quality SCBA
inclusions was found to be a good foundation material by the geotechnical engineers.

Chapter 7 concludes all the research works together with study limitation and
future works.
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CHAPTER 1

INTRODUCTION

1.1 Research background and problem statements

1.1.1 General problem of peat

Consequence of population and economic growth, land use activities
perceived increased intensely. As a result, suitable land for infrastructure
development has decreased and become a problem in the future. Therefore, it is
inevitable to construct on less favorable soils, like peat. Peat distribution is extensive
and can be found in many countries throughout the world when the conditions are
favorable for their accumulation and formation [1-3]. The vastness of peat land
coverage and its occurrence close to or within population centres and existing
cropped areas means some form of infrastructure development has to be carried out
in these areas. To stimulate agriculture development for instance, basic civil

engineering structures such as roads are required [4].

The identification of peat is very important because they are much weaker
than mineral (inorganic) soils. As such they do not provide suitable supports for most
engineering works. Peat and organic soil represent the extreme form of soft soil and
subject to instability and enormous primary as well as long-term settlement even
when subjected to moderate load [5]. These materials can also change chemically
and biologically over time. For instance, humidification of organic matter that
continues may change the mechanical properties of soil such as compressibility,
shear strength and hydraulic conductivity. Dropping of ground water may cause
shrinking and oxidation of peat leading to humidification with consequent increase in



permeability and compressibility. Besides, these soils are problematic as they are
very highly compressible and are of very low shear strength [6].

Numerous construction techniques have been carried out to support
embankments over peat without risking bearing failures but settlement of these
embankments remains extremely large and continues for many years. In addition,
stability problems during construction such as localized bearing failures and slip
failures need to be considered [2]. Access to these superficial deposits is usually very
difficult as the water table will be at near or above the ground surface. Undoubtedly,
this is a consequence of the tendency to avoid either the construction and building on
this land, or when this is not possible, to just remove, replace or supersede those in
certain circumstances can lead to possibly uneconomical design and construction
alternative [7]. Peat bearing capacity is very low and seems to be influenced by the

water table and the presence of wood chips under the ground [8; 9].

To sum up, peat is considered as unsuitable soils for supporting foundations

or any construction works in its natural state.

1.1.2  Oil palm plantation in Johor, Malaysia

During the Tenth Plan period (2011-2015), Malaysia will focus its economic
growth efforts on National Key Economic Areas (NKEA)as shown in Figure 1.1. An
NKEA is defined as a driver of economic activity that has the potential to directly
and materially contribute a quantifiable amount of economic growth to the Malaysian
economy. One of the listed NKEA is palm oil. Palm oil production is vital for the
economy of Malaysia, which is the world's second- largest producer of the
commodity. Oil palm is the most efficient oil crop in the world. A hectare of oil palm

can produce up to 10 times more oil than other leading oil crops [10].

There are 281,652 ha of peat under cultivation in Peninsular Malaysia, of
which 203,455 ha or 72% are under oil palm plantations (Table 1.1). Johor has the
greatest area of peat under agriculture (crops/husbandry) like shown in Figure 1.2.
One third of all oil palm plantations on peat in Peninsular Malaysia are found in
Johor.
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Figure 1.1: Malaysia National Key Economic Areas (NKEA); Sources: [11]

Oil palm plantations comprise a large proportion of the total area of peatlands
in Johor utilised for agriculture. Conversion of peat swamp forest in Johor began in
early 1974, when 95,000 ha of West Johor peatlands were converted for agricultural
purposes. According to a survey carried out in 1997, a subsidence rate of 1.2 m was

recorded in the district of Pontian [12].

Oil palm plantation transportation challenge on peat ground

The oil palm industry is still very much dependent on manual labour to carry
out most of the operations, particularly in harvesting. To remain competitive, the
industry is constantly searching and using new machines to increase outputs and to
cut production costs. Field transportation and mechanical harvesting (Figure 1.3) of

oil palm fresh fruit bunches (FFB) remains an important issue that needs to be solved.

The harvested FFB must be quickly evacuated to the mill with as little
damage to the FFB as possible. Oil palm plantations cover a wide variety of
topography and ground conditions and hence requiring various systems to address
specific needs. Conventional methods, including the wheelbarrow and animal drawn



carts (Figure 1.3), are still being practiced in areas where heavy machines are not
accessible. One of the challenging tasks when it comes to crop evacuation is when
the palms are planted on peat. This is due to the ‘very loose’ and ‘very soft’ nature of
peat where the machines do not have sufficient traction and ability to float, thereby
restricting smooth movement of the machine. [10].
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Figure 1.2: Oil palm distribution area in Southeast Asia; sources: [13]

Frequently, palm oil and other crop plantations include production areas
requiring supporting infrastructure such as light buildings and roads. When there is a
better management of the roads in the estates, better quantity and quality crops yield
will be sent to mill and processed. Road transport has a fundamental meaning for the
sustainable agriculture. Poor quality (Figure 1.4) and inadequate coverage of roads
will continue to hinder economic development in the future plantation. It is well-
known that long term settlements of road embankment and pavement deformations
are widespread on peat. These have resulted to unsafe, poor riding quality and high

road maintenance costs [14].



Table 1.1: Area of peat under agriculture and oil palm in peninsular Malaysia;
Sources: [12]

Peat soil  Peat soil
under  under oil % peat soil area
State / Areaof peat agriculture palm used for oil palm in
Division (ha) (ha) (ha)* each State (ha)

Johor 143.974 114,887 68.468 47.6
Kedah No data
Pahang 164,113 20.869 20,175 12.3
Penang
Selangor 164,708 59,587 46.456 28.2
Perak 69.597 62.954 61,257 88.0
Perlis
Malacca No data
Terengganu 84.693 16.628 6.925 8.2
Kelantan 9.146 2.464 174 1.9
Negeri
Sembilan 6.245 4.262 No data No data
Total 642.857 281,652  203.455

Table 1.2: Area of peat under agriculture and oil palm in Johor; Sources: [12]

Peat soil total

Total area of crops /

Area of oil

Region area (ha) husbandry (ha) palm (ha)
South-West Johor 75.236 70.627 53.240
West Johor 53.764 41.705 13.100
East Johor (Mersing) 9.171 972 941
South-East Johor 5.803 1.583 1.187
Total 143,974 114,887 68,468




Figure 1.3: Field transportation and mechanical harvester on normal ground (above)
and on peat ground (below); Sources: [10]

Figure 1.4: Example of poor quality of road for oil palm transportation

1.1.3  Cement consumption in peat stabilization

The use of cement and its capability in inorganic soil stabilization is very
popular since long time ago. However, the use of cement is not given much attention
in the stabilization of organic soils because evasion is often become the first choice
rather than build up any infrastructure on these problem land. However, over the past



few years, there are researchers who began to observe the ability of the cement in the
stabilization of organic soil [6; 15-20].

It is well recognized that organic soils can retard or prevent the proper
hydration of binders such as cement in binder-soil mixtures [17]. The combination of
humic acid with calcium ions produced in cement hydration makes it difficult for the
calcium crystallization, which is responsible for the increase of peat-cement mixture
strength to take place [18]. The acids may also cause the soil pH to drop and this
negatively affects the reaction rate of the binder, resulting in a slower strength gain in
peat [16].

Due to high organic content and less solid particles in peat, cement alone is
insufficient as a chemical admixture for peat stabilization. Compared with clay and
silt, peat has a considerably lower content of clay particles that can enter into
secondary pozzolanic reactions [21]. That means unless a large quantity of cement is
mixed with the soil to neutralize the acids, the process of the soil stabilization
remains retarded. However, adding a large quantity of cement into the peat is
definitely an unfriendly and uneconomical solution to deep peat ground improvement
considering the fact that the peat ground is covers a wide area, and the rising cost of
cement and its transportation to the site [22]. Cement is responsible for about 5%—
8% of global CO2 emissions and expected to grow 0.8 to 1.2% per year until may

reach 4.4 billion tonnes of productions in 2050 [23].

1.1.4 Sugarcane bagasse ash (SCBA)

A pozzolana is a material occurring either naturally or artificially, and which
contains silica, iron and aluminum ions that can generate a pozzolanic reaction [24].
Small amount of pozzolans can be added to cement stabilized peat to enhance the
secondary pozzolanic reaction in the stabilized soil [22] . One of pozzolan materials
sources are getting from agricultural waste ash such as rice husk ash, straw ash and
sugarcane bagasse ash. Production of large quantity of agricultural wastes all over
the world faces serious problems of handling and disposal. The disposal of

agricultural wastes creates a potential negative impact on the environment causing air



pollution, water pollution finally affecting the local ecosystems. Hence safe disposal
of agricultural wastes becomes challenging task for engineers [25].

Sugarcane production is world number one commodities with amount
approximately 1.8 billion tonnes in 2012. Bagasse is the residue left after the
crushing of sugarcane for juice extraction and on average, about 32% of bagasse is
produced from every tonne of sugarcane been processed. The total plantation area of
sugarcane bagasse in Malaysia is nearly 37000 acre. About 800000 ton of sugarcane
is produced in 2012; hence bagasse also can be easily obtained in Malaysia.
Furthermore, Federal Agriculture Marketing Authority (FAMA) Malaysia has also
built a Sugarcane Collection Center or Pusat Pengumpulan Tebu (PPT) with cost
RM4.5 million in Batu Pahat, Johor for export marketing to Singapore. Increasing
concern of disposal of bagasse residual creates interest to explore the potential
application of this material [26]. The sugarcane industry is still seeking solutions to
dispose of the wastes generated by the sugar and alcohol production processes. This
ash is used as fertilizer in the plantations, but it does not have adequate mineral
nutrients for this purpose. SCBA has also been studied as a promising pozzolanic
material and can be used in civil construction especially in concrete study [27-33].
Nowadays, despite the increasing interest in the potential use of SCBA as a pozzolan
in concrete technology, there is no evidence in the current literature of its use as a

soil stabilizer especially for organic soil.

1.2 Research objectives

By taking into the account the increasing demand and consumption of cement
together with the backdrop of SCBA waste problems, it could be something very
beneficial to develop alternate binders that are environment friendly and contribute
towards sustainable management. Hence, the utilization of SCBA in the stabilization
of peat can be a compelling idea and seems to be promising alternative when

considering issues of energy consumption and pollution.

The objective of this research works is to evaluate and clarify the
effectiveness factors of SCBA in peat stabilization. It is expected that the obtained
optimum mix design can be applied to stabilized peat layer in order to support the



infrastructure construction within estate area which could lead towards a more

sustainable agriculture plantation in the future.

1.3 Research scopes

In this research works, the soil that had been used is Hokkaido peat. In order
to focus for achieving the study target or objectives, experimental works plans were
divided by two stages that comprise three main parts from each stage. The stages
mentioned are untreated and stabilized Hokkaido peat while the main parts are
physical, chemical and mechanical properties for both said stages (Figure 1.5).
Briefly, this study scopes were concentrated to strength and deformation of stabilized
peat by utilizing sugarcane bagasse ash (SCBA) as partial cement replacement. To
evaluate the degree of improvement, the established parameters of this peat-cement-
bagasse (PCB) mixture must be compared to those of untreated peat and cemented
peat.

1.4 Research motivation

There are several important factors that encourage this research works.

Among these are:

a. Trying to meet the recommendations of the Ministry of Public Works, Malaysia,
Datuk Seri Fadillah Yusof that stating more research is still needs to be done on
peat in Malaysia since the soil conditions complicate efforts to implement
infrastructure projects. He also noted the focus needs to be done to develop the
better technology and construction materials for the peat as it will significantly
reduce the cost of construction of roads, buildings, utilities and other and

maintenance thereafter.

b. The facilities of research centers operating under UTHM (Research Center of
Soft Soil, RECESS and Peat Test Research Station, PTRS) that allows the study
of structures / infrastructures on the peat ground can be done on an ongoing basis
in the years to come and thus contribute new technologies or green materials in

implementing development on peat.



c. An effort to improve the transportation of oil palm plantation over the peat
ground particularly in Johor and thus improve the quality/ production of

agricultural revenue of the country.

1.5 Dissertation overview

This research work contains seven chapters that can be described as follows:

Chapter 1 presents an introduction of this research. Current problem and motivation
to conduct this research are to be presented in this chapter. Objectives and structure

of the thesis are also described.

Chapter 2 deliberates an overview of peat concerning to geotechnical characteristics
that highlight the physical, chemical and mechanical properties. The collected results
of studied peat (Hokkaido peat) then compared to Malaysia peat in order to

investigate the similarity potential.

Chapter 3 presents the approach method to clarifying effectiveness the three types of
sugarcane bagasse ash (SCBA) utilization on peat strength. The unconfined
compressive strength (UCS) tests were conducted at all samples with the aim to
elucidate the stabilized peat strength improvement. The main target of this chapter is
to determine the optimum SCBA inclusion as partial replacement of cement. The
best mixtures from each SCBA then chosen and use in further UCS test which is

stresses on various effect factor in peat stabilization.

Chapter 4 discusses about the strength improvement mechanism of stabilized peat by
focusing on the microstructure and chemical composition enhancement. The main
objective in this chapter is to verify the results obtained from previous chapter. It can
be stated that the stabilized soil is characterized by a well cemented soil medium

with tiny pore spaces within it as a result of the pozzolanic activity of SCBA.

Chapter 5 consider about the evaluation of sugarcane bagasse ash (SCBA) quality
characteristics on pozzolanic effect in stabilized peat. Pozzolanic effect of SCBA
was determined from the UCS of curing effect results by making a peat-cement (PC)

mixture as a reference. It was detected that the main different between SCBA’s
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characteristics is their particle sizes (physical effect) and chemical compositions
(chemical effect). Hence, mean grain size (Dsp) and CaO:SiO; ratio of SCBA were
adopted in regression model analysis in order to predict the strength and minimum

cement consumption that consider many other factor of peat stabilization.

Chapter 6 illustrates the effectiveness of optimum peat-cement-bagasse ash (PCB)
mixtures on peat deformation behavior. Afterward, the outcomes were compared to
peat-cement (PC) mixture and untreated peat in order to analyze the contribution of
SCBA inclusion in stabilized peat.

Chapter 7 concludes all the research works together with study limitation and future

works.

1.6 Research contributions

There are several contributions in this research work. The first one is the new
developed alternate binders that are economy and environment friendly by utilization
of the sugarcane bagasse ash (SCBA) as supplementary cement materials in peat
stabilization which can reach 20% of cement replacement with good quality of
SCBA. This mixture is expected suitable for supporting the infrastructure
construction within estate area especially at the palm oil plantation area which vastly
planted on peat ground with regularly not exceeds 3m depth in Malaysia [34]. The
better supporting infrastructure such as rural-urban connection highway including
road networks for agricultural activity will lead towards a more sustainable
agriculture plantation in the future. Consequently, increase the production

tremendously and simultaneously may raise the country revenue.

The second contribution is a suggested method of preloading during curing
by air pressure in the laboratory rather than solid iron rod (conventional method from
literature) as a simulation of initial loading at site. This technique is easier to apply
on many samples with various size and pressure at once. As a result, it will lead to
time and cost savings in conducting test. The third one is suggestion of minimum
amount of cement, silica sand and preloading for the peat stabilization to be effective

and achieve the minimum strength target (345kPa). Furthermore, the proposed
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calculation to predict deformation modulus of Peat-Cement-Bagasse (PCB) mixtures
based on two-phase mixtures model was introduced and developed. The proposed

modified model was demonstrates a well agreement with the experimental results.

The final one is the statistical regression model to predict the strength gained
for the PCB mixtures that consider many other factor of peat stabilization.
Considering the suggestion of admixtures minimum amount above, the estimation
equations were simplified to easy form that emphasizes the SCBA quality and
quantity only. The percentage of SCBA inclusion depends on the quality of SCBA
which in this study were focusing in average particle size, Dso (physical effect) and
ratio of calcium to silica, Ca/Si (chemical effect). After that, the minimum quality of
raw SCBA that can be utilizing in peat stabilization without any special process to
harmonize this ash was recommended. This mean that the SCBA that fulfill the
suggested requirement can be chosen from mills and directly consumed in peat
improvement (specifically on hemic peat type such as Hokkaido and Johor peat).

Therefore, it saves the budget (avoid additional process), environment and time.
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CHAPTER 2

AN OVERVIEW OF PEAT CONCERNING TO
GEOTECHNICAL CHARACTERISTICS

2.1 Introduction

This chapter deliberates an overview of peat concerning to geotechnical
characteristics that highlight the physical, chemical and mechanical properties. The
collected results of studied peat (Hokkaido peat) then compared to Malaysia peat in
order to investigate the similarity potential.

2.1.1 Definition and classification

Peat definitions and classifications are different between countries. Some
such names are bogs, moors, muskeg, mire, tropical swamp forests and fens. These
names help characterize the peat by its differences resulting from the effect of
climate and type of plant materials that constitute the peat. Geotechnically, peat
described as soil that having an organic content greater than 75%. In Japan, peat
generally includes soil with more than 20% organic contents because of their
engineering properties [1]. Most of these soils are controlled by its organic matter
quantity, quality and physical properties. However, the definition and description of
peat between soil scientists and geotechnical engineers are different. Scientists have
described as peat with organic matter content greater than 25%. Figure 2.1 shows the

variety of peat definition based on multi-discipline background.
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Current classification systems for peat and organic soils were used organic
and ash content as the sole parameter in classification [2-5] but it has resulted in a
wide variation in the definition of peat which is compared in Figure 2.2. Loughlin
and Lehane [6] observed that a classification system based on organic content and
ash content was not sufficient; other factors such as natural water content, structure,
degree of humidification, nature of organic material and also specific gravity also
need to be considered. United Soil Classification System (USCS), adopted by the
American Society for Material Testing (ASTM) defines organic soils as a separate

soil class in the standard classification of soils for engineering.

In Malaysia, classification of peat and organic soils is based on the British
Standard 5930:1981. Nevertheless, this classification has been upgraded by Public
Work Malaysia & Jarret [7] to make this system more clear and suitable to the
Malaysia situation. The Malaysian Soil Classification Systems (MSCS) introduced
the degree of humidification by VVon Post scale as the second important parameter to

be considered after organic content [3].

DEFINITION

|

Different between countries. (e.g.
bogs, moors, muskeg, mire, tropical
swamp forests and fens; help to
characterize the peat)

Soil scientists, peat = organic Geotechnical engineer, peat =
content > 25%, organic content > 75%.

Agriculture, peat = organic
content > 20%

Figure 2.1: Peat definitions

In technical term of geotechnology edited by Japanese Society of Soil
Mechanics and Foundation Engineering, soil with more than 5% organic contents
classified as organic soils and with more 50% as highly organic soils and generally
called peat in Japanese soil science particularly by Hokkaido Agriculture Experiment
Station. They classify the soil with 20-50% of organic contents as sub-peat. Between
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the range 5% to 50% organic contents, the soils has classified as low organic soils
such as Kuroboku soil [1]. Studies conducted by Noto [1] on engineering
characteristic of Hokkaido peat, the organic content of peat are between 20 and 98%.
These roughly show that Hokkaido peat is similar to Malaysian peat with very high
content of loss of ignition value. Another useful method to classify peat or organic

soil is by referring its degree of humification or decomposition that also known as

the Von Post scale system (Figure 2.3).

5 (1946)
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System OSRC Jarrett Davi LGS (Kearns & ASTM
(Andrejko et (Andrejko et al. (Mankinen & | Davidson 1983) D4427-92
al. 1983) 1983) Gelfer 1982) (1997)
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100 Inorganic Texture

Figure 2.2: Comparison of classification systems used for peat and organic soils [8]

Degree of Content of Material extruded on
humification Decomposition Plant structure amorphous squeezing (passing NatL{I‘B of
material between fingers) residue
Hy None Easily identified None Clear, colorless water
Hz Insignificant Easily identified None Yellowish water
Ha Very slight Still identifiable Slight Brown, muddy water; no Not pasty
peat
Ha Slight Not easily identified Some Dark brown, muddy water; ~ Somewhat pasty
no peat
Hs Moderate Recognizable but vague  Considerable Muddy water and some Strongly pasty
peat
Hs Moderately strong  Indistinct (More distinct ~ Considerable About one third of peat
after squeezing) squeezed out; water dark
brown
Hz Strong Faintly recognizable High About one half of peat
squeezed out; any water
very dark brown
Hs Very strong Very indistinct High About two thirds of peat Plant tissue
squeezed out; also some capable of
pasty water resisting
decomposition
(roots, fibers)
Hg Nearly complete Almost not recognizable Nearly all the peat
squeezed out as a fairly
uniform paste
Hio Complete Not discernible All the peat passes

between the fingers; no
free water visible

Figure 2.3: Degree of humification (Von Post scale system) [5]
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2.1.2 Formation and distribution

Jarret [9] described peat as naturally occurring, highly organic substance
derived primarily from plant materials. Peat is formed when the rate of accumulation
of organic matter is greater than the rate of decay. Peat actually represents an
accumulation of the disintegrated plant remains, which have been preserved under
condition of incomplete aeration and high water content as shown in Figure 2.4.

Peat formed in very wet conditions accumulates considerably faster and is
less decomposed than peat accumulating in drier places [10]. It accumulation
wherever the conditions are suitable, that is, in areas with excess rainfall and the
ground are poorly drained, irrespective of latitude or altitude. Nonetheless, peat tend
to be more common in those regions with comparatively cool wet climate. Physico-
chemical and biochemical process cause this organic material to remain in a state of
preservation over a long period of time. In other words, waterlogged poorly drained
condition, not only favor the growth of a particular type of vegetation but also help

preserve the plant remains [11].

Peat in Japan, in many cases is basin peat, formed when lakes and marshes
become filled with dead plants growing around them and then turn into land. This
type of peat is characterized by the spongy formation of plant fiber. In the peatland
of Hokkaido, peat commonly accumulates to a thickness of three to five meters on
the ground surface, while the soft clay layer underlying is the peat is often over 20
meters thick. In some areas, a sand layer exists between the peat and the clay layers.

The rate of deposition of peat depends on humidity and weather conditions [1; 12].

Huat [12] observed the depths for peat in Malaysia were varying from 1m to
20m. The color of peat in Malaysia is generally dark reddish brown to black. It
consists of loose partly decomposed leaves, branches, twigs and tree trunks with a
low mineral content [2]. The ground water table in these areas is always high and
occurs at or near the surface [13]. According to Jamil [14] where soil with peat depth
of <1.0 m, 1.0 - 1.5 m, 1.5 — 3.0 m, and >3.0 m is classified as shallow, moderate,
deep and very deep peat. In its drained state, the peat will transform to a compact soil

mass consisting of partially large wood fragments and tree trunks embedded in it.
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Drainage influences the degree of decomposition, shrinkage and consolidation
behavior of the soil [2].

The peat land consists of nearly 5 to 8% of the earth land surface and nearly
60% of the wetland of the world is peat [1] (Figure 2.5). While the areas occupied by
the tropical peat land is about 30 million hectares and two third of that are in South
East Asia. These soils are found in many countries throughout the world. In the US,
peat is found in 42 states, with a total acreage of 30 million hectares. Canada and
Russia are the two countries with a large area of peat, 170 and 150 million hectares
respectively. In term of country land area, Finland recorded the highest percentage
with 33.5% while Malaysia was ranked 10th in the world with 8% and Japan ranked
26th with 0.5% [16].

1 water is retained in the depression from
nearby river flows and rainfall

w
S
<
o

Mineral soil Waterlogged soils Waterlogged soils Alluvial soil

Water colour  pH25-45  Organic matter from leaf and tree litter accumulates (fibric in nature) Allyvial
changes to * Dacomposition is slowed down - poor aeration, anoxic conditions deposition
brownish black * Microbial degradation is retarded slows down

Peat layer formed after many years Alluvial soi
(estimate 2.5 - 4.5 mm per year of peat deposit)

Figure 2.4: Formation of peat ground [10]
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In Malaysia, there is approximately 26,000 km? of peat that accounting for
about 8% of the country’s land area (Figure 2.6) [16; 17]. Among these lands, 6,300
hectares of the peat lands are found in Pontian, Batu Pahat and Muar in West Johore
[18]. Peat forests, once found extensively in the district of Pontian, have been
converted to agriculture for oil palm, pineapple and other food crops [8]. The state
that covers the largest area of peat land in Malaysia is Sarawak which is about 13%
of the state area or 1.66 million hectares with 89% of these areas are more than 1m in
depth [19]. In Japan, peat is widely distributed through Hokkaido especially along
the lower reaches of the Ishikari, Kushiro and Tashio Rivers with approximately
2,000 km? which equals to 6% of the flat area of the island (Figure 2.7) [1].

Peat distribution in the World

Global peatland area by B [} \ A
country 2 \ ﬂ R ; .“’
(in percentage) N S k—
0or no data
less than 0.5
05t02.0
20t05.0
B 5010100

Bl more than 10.0

Source: Parish et al, 2008.

Figure 2.5: Peat distribution in the world [20]

2.2 Geotechnical characteristic review on Japan and Malaysia peat

The physical study of peat on geotechnical characteristics has been done by
several researchers especially geotechnical engineers and academician to ensure that
any construction on peat are safe. As mentioned earlier, this chapter presents some
review of peat from Japan and Malaysia pertaining to geotechnical properties. The
parameters studied were the moisture content, loss on ignition, unit weight, specific
gravity, fiber contents, acidity, liquid limit, plastic limit, plastic index and shear

strength as shown in Table 2.1.
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Figure 2.7: Distribution of peat land in Hokkaido, Japan

2.2.1 Physical properties

Methodology

In this study, peat from Hokkaido, Japan had been used in order to compare
with Malaysia peat. The depth of excavated samples is about 1m from ground
surface. The test of physical, mechanical and chemical properties of these peats had
been conducted like shown in Figure 2.8 and Figure 2.9 while the entire laboratory
test regulation and standards that had been implemented was shown in Table 2.2.
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Table 2.1: Geotechnical engineering characteristic of peat land in Malaysia and Japan

Japan Malaysia
Properties Hokkaido West East Johore
Natural water content, % 580 115-1570 200-700 200-2207 230-659
Ash content, % 16.79 2-80 3-35 5-50 1.5-20
Organic content , % 83.21 20-98 65-97 50-95 80-98.5
Bulk unit weight (kN/m?) 10.57 7.1-19.7 8.3-11.5 8-12 7-12.3
Specific gravity, Gs 1.67 1.04-2.63 1.38-1.7 1.07-1.63 1.44-1.8
Fiber content, % 43 42-86.9 31-77 - 49
Acidity ,pH 5.46 - - 3-7.2 3.63
Liquid Limit 375 - 190-360 210-550 220-380
Compression Index, C¢ 4.89 0.3-14 1.0-2.6 0.5-2.5 0.9-15
Undrained shear strength, kPa 6.80 5-40 8-17 8-10 7-11
References Authors [1; 21; 22] [12; 23-25] [12; 23-25] [3; 24; 26]
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CHAPTER 2: An Overview of Peat Soil
Concerning to Geotechnical Characteristics

A

Introduction to peat soil

A

A
Geotechnical characteristic review
on Japan and Malaysia peat

4

Definition and classification
Formation and distribution

Physical & chemical properties:
e Basic index properties
e Microstructure
o Acidity (soil pH)
e Chemical compositions

4

Mechanical properties:
Unconfined Shear Strength
(UCS)

Consolidation parameters

A
Comparative study on
Japan & Malaysia peat

Figure 2.8: Research flowcharts of chapter 2
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GEOTECHNICAL CHARACTERISTICS TEST

v

v

Phvsical Properties Test:

1) Index properties;
a) Atterberg limit
b) Grain size analysis
c) Moisture content
d) Specific gravity
2) Organic and ash content
3) Fiber content

Y

3)
4)

5)

Mechanical & Chemical
Properties Test:

Unconfined Compressive
Strength (UCS)
Consolidation test

Acidity (in pH)

Scanning Electron
Microscopy (SEM)
Electron Diffraction X-ray
(EDX)

Figure 2.9: Geotechnical characteristic laboratory test

Table 2.2: Adopted standards for test method

Testing Names Standards

Atterberg Limit JGS 0141-2009
Moisture Content ASTM- D 2974
Particle Size Distribution ASTM- D 422
Specific Gravity ASTM- D 854
Organic (ash) Content ASTM- D 2974
Fiber Content ASTM- D 1997
Acidity (pH Test) ASTM- D 2976
Consolidation test ASTM- D 2435

Unconfined Compression Strength  ASTM- D 2166

Moisture contents, organic and ash contents

One of the significant and most variable properties of peat is its water or
moisture content. The value of water content depends on the origin, degree of
decomposition and the chemical composition of peat. Naturally, peat has very high
natural water content due to its natural water-holding capacity. The high natural
water holding capacity is because of the soil structure characterized by organic
coarse particles (fibers) which can hold a considerable amount of water since the soil
fibers are very loose and hollow. The high water content is also because peat has low

bulk density and low bearing capacity as results of high buoyancy and high pore

volume [27].
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Ajlouni [28] emphasized that the water content of peat may range from 200 to
2000% which is quite different from that for clay and silt deposits which rarely
exceed 200%. The results in Table 2.1 revealed that Malaysia and Japan peat varies
from different geographical locations when natural water content is consent. This is
due to the influence of different agricultural background of the area and rainfall
intensity [3]. Natural water contents and organic contents for tested peat sample from
Hokkaido were determined by authors by drying a peat or organic soil sample at
105° for 24 hours. Ash content was determined by igniting the oven-dried sample in
a muffle furnace at 440°C about 5 hours (until no change in mass) as shown in
Figure 2.10. The ash content is expressed as a percentage of the mass of the oven-

dried sample.

Figure 2.10: Oven and muffle furnace for moisture and ash contents test

Organic matter is determined by subtracting percent ash content from one
hundred. The results for water and organic contents as calculated were 580% and
83.21% respectively. These values are consistent with studies conducted by Noto [1]
and Hamamoto [21] which revealed that Hokkaido peat have range of water content
110% to 1600% while organic content range 20% to 98%. In Malaysia, these
parameters are higher than Japan peat with water contents accounted to 200% and
can reach to 2200% whereas organic content range 50% to 98%. With 16.79% of ash
contents, studied peat is classified in high ash group. Compared with fibrous peat,
sapric peat are likely to exist at lower void ratios and display lower permeability,
lower compressibility, a lower friction angle and a higher coefficient of earth
pressure at rest. Hemic peat have properties intermediate between fibrous and sapric
peats [27].
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The correlation between organic content to water content for Malaysia and
Japan peat was revealed in Figure 2.11. The results from Malaysia were studied by
Kazemian et al. [24] for tropical hemic of West Malaysia. After several laboratories
test for organic and water contents of untreated Hokkaido peat, authors were plotted
and gain the fitted line (dotted red line) like shown in this figure. Clearly, present
study outcomes illustrate the similarity results to Kazemian et al. [24] finding since
the obtained line was slightly less than average line of Malaysia peat. It is also shows
that the current study results are in the range of upper and lower bound of Malaysia

peat and have significant match to Seri Medan and Parit Sulung peat which located
in Johor.

00 —
90 4 | * Bkt Changgang peat
> 80 { 4 Seri Medan
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o 70 = Parit Sulong
£ 60 - | o Kg. Jawa Kelang
= -
E 50 4 - | ¥ Kg. Samak, Perak
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5t 45 0.C(%) = 0.06m(%) + 54.34 .
= 9V o0 Kuala-Sepetang
< === Current study: Knals-Sep =
< 0.C (%) = 0.058m (%) + 45.593 | a Kuala Langat Peat
10 - _ . - =
0 100 200 300 400 500 600 700 800

Natural moisture contant, m (%)
Figure 2.11: Organic content versus natural moisture content [12]
Atterberg limits

For liquid limit and plastic limit test, cone penetrometer method had been
used. The values of this parameter on Malaysia peat varies from 190% to 550% and
100% to 300% respectively while the studied peat gave the results 375% for liquid
limit. Figure 2.12 and Figure 2.13 shows the Atterberg limit test execution and the
graph of Hokkaido peat analysis for liquid limit determination respectively. Figure
2.14 shows the comparison of organic contents, OC% versus liquid limit, L % for
studied peat to tropical peat of West Malaysia [24] and temperate peat by Skempton
[29]. The results revealed that Hokkaido peat was more near to tropical peat line

rather than temperate peat line which indicate the similarities with Malaysia peat.
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Figure 2.12: Atterberg limit test execution
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Figure 2.13: Graph of liquid limit analysis

Japanese Geotechnical Society (JGS 0142-2000) describes the determination
of liquid limit using the fall- cone method. JGS method suggests be careful roll soil
samples into threads until it become thinner and eventually break at about 3 mm
diameter. Authors face the problem in order to get the plastic limit of tested peat by
this method. Peat can be moulded to this shape but failure occurred due to peat not
behaving as a plastic material [30]. Bei-Lin Tang [30] also proved hemic peat in her
study gave almost zero plastic limit by adopting Feng method. Zainorabidin and
Ismail [31] have previously encountered problems when attempting to determine the
plastic limit of Malaysian hemic peat. The presence of the fibres in peat makes the
process of determining the Atterberg limits difficult and less accurate. According to
Hobbs [32], it was impossible to carry out plastic limits tests on pure bog peat. On
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the other hand, even if the peat is highly humidified there was little point in
performing plastic limit testing on peat since the deduced plasticity index gives little

indication of their character.
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Figure 2.14: Comparison of organic contents, OC% versus liquid limit, L%

Fiber contents and degree of humification

Fiber content is determined typically from dry weight of fibres retained on a
sieve size of 100 (less than 0.15mm opening size). A known mass of undried peat is
soaked in a dispersing agent (5 % sodium hexametaphosphate) for approximately 15
h. The material is then washed through a 100-mesh (150 um) sieve by application of
a gentle flow of tap water. The fibrous material left on the sieve is oven-dried (at
105°C) until a constant mass is achieved. The mass of fiber is expressed as a
percentage of the oven-dried mass of the original sample. In fiber content test,
calculated fiber content is 41% which is categorized as hemic peat according to
classification of peat by ASTM.

Through visual observation on the studied peat, the soil was brown in color.
When the soil was extruded on squeezing (passing between fingers), it could be

observed that the soil was somewhat pasty with dark brown water squeezed out, and
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the plant structure was unclear. Based on this observation, the soil can be classified
as H6 according to von Post System (Figure 2.3) based on its degree of humification.

Specific gravity and bulk unit weight

Specific gravity of peat is greatly affected by its composition and percentage
of inorganic component. It is related to the degree of decomposition and mineral
content of peat. Higher specific gravity indicates a higher degree of decomposition
and higher mineral content. For peat with an organic content of 75% and greater, the
specific gravity is in the range from 1.3 to 1.8 with an average of 1.5 [28; 33].
Specific gravity for tested peat was recorded 1.67 which is mean this soil have fairly
high degree of decomposition and mineral content. In fact, above 600% water
content, both the specific gravity and water content do not greatly influence bulk
density. On the other hand, low influence is attributed to higher degree of saturation
or gas content [32; 34]. Peats frequently are not saturated and may be buoyant under
water due to the presence of gas. Except at low water contents (less than 500%) with
high mineral contents, the average bulk density of peat often is slightly lower than

that of water.

The bulk density (unit weight) of peat is low and variable compared to
mineral soils. The average bulk density of fibrous peat is around the unit weight of
water (9.81kN/m?®). Range of 8 to 12 kN/m?® is common for unit weight of peat in
Malaysia [12]. In Japan, range of unit weight is between 7 and 20kN/m?3. Unit weight
of the peat will be affected by the water content of peat; as the water content increase,
the unit weight will show a sharp reduction. When water content about 500%, the
unit weight ranges from 10 to 13kN/m?® [7; 35]. This fact proved by author when
obtaining the unit weight of Hokkaido peat with 12.5kN/m* at 580% water contents.
Similar with the specific gravity, the bulk density of peat depends on the structure
and degree of decomposition. Bulk density of peat is usually smaller than the mineral
soils due to the lower specific gravity of the solids found and the higher water
holding capacity in peat and the presence of gas [36]. Figure 2.15 portrays the
comparison of specific gravity, Gs versus organic contents, OC% for studied peat to

various type of peat over the world. The outcomes discovered that Hokkaido peat
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almost on the line of general peat on earth and clearly close to Parit Sulong peat in

Johor, Malaysia.
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Figure 2.15: Comparison of specific gravity, Gs versus organic contents, OC%

Particles size distribution

The peat tested in this study often produce clods. The particle size
distribution curves for the studied soils were obtained by standard dry sieve analysis
and laser diffraction particle size analyzer (Figure 2.16). In addition to this standard
sieve test method, the soil fraction finer than 75um was analyzed using a diffraction
laser method (SALD-3103 and SALD-MS30 model by Shimadzu, Japan) which is
interpreted as one graph in Figure 2.17. As can be seen, Hokkaido peat consists
broadly of sand to fine size base on Unified Soil Classification System (USCS)
gradation and on average, 90% of the soil is finer than 4.75mm, and 2% is finer than
75um. The coefficient of uniformity, C, is 9.3, and the average coefficient of
gradation Cg is 1.71. Pattern of Hokkaido peat particle size distribution is quite

similar with Malaysia peat conducted by Kalantari [37].
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Figure 2.16: Standard sieve and diffraction laser apparatus
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Figure 2.17: Graph of particle size between 4.75 mm and 75um

2.2.2  Mechanical and chemical properties

Unconfined shear strength (UCS)

Since strength of stabilized peat is often evaluated by measuring its
unconfined compressive strength due to the soil low permeability and high stiffness,
unconfined compression tests (Figure 2.18) often provide relatively fast and cheap
means of determining the soil strength [38].

The unconfined compressive strength (qu) is defined as the compressive stress
at which an unconfined cylindrical specimen of soil will fail in a simple compression
test [39]. In this study, the unconfined compressive strength is taken as the maximum
load attained per unit area or the load per unit area at 15% axial strain, whichever
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occurs first during the performance of a test. For untreated peat, the specimen was
prepared in the mould size of 50 mm diameter and 100 mm length in three layers.
Each layer was subjected 10 full thumb pressures at about 10 seconds [40]. The
sample then trimmed and tested under vertical axial load at constant rate of strain of
1 mm mint. The detail calculations to compute UCS are shown in Appendix A. The
result shows the peak was not obtained until 20% of axial strains. Hence, the max
value of UCS was taken at 15% of strain which is equal to 13.6 kPa (Figure 2.19).
From this result, undrained shear strength, (Su = qu/2) was equal to 6.8kPa. These

values indicate that Hokkaido peat is very soft.

Figure 2.18: Laboratory unconfined compression tests
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Figure 2.19: Unconfined Compression Strength (UCS) of Hokkaido peat
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Consolidation

Consolidation tests were carried out in the standard 1D Oedometer apparatus
(Figure 2.20) on the Hokkaido peat. The sizes of specimens were 60 mm in diameter
and 30 mm in height. The Oedometer tests comprised seven incremental-load stages
and each load stage lasted 24 hours. An initial stress of 10 kPa was applied and the
stress was increased in steps at the end of each load stage using a load increment

ratio of unity until a final stress of 640 kPa had been applied.

Figure 2.20: Laboratory standard 1D Oedometer apparatus

It revealed from the Figure 2.21 that untreated Hokkaido peat demonstrated the
high void ratio, e and consequently contribute high coefficient of compression, Cc=
Ae/ (A log o) with about 9 and 4.9 respectively. This is because of plant matters that
constitute peat particles are light and hold a considerable amount of water. Peat
grains, plates, fibers, or elements are light because the specific gravity of organic
matter is relatively small and the particles are porous. As a consequence of high in e,

peat display high values of C. [41].

Compare to Malaysia peat, studied peat shows the higher numbers in C. but this
results almost in range of C. mentioned by Huat et al. [12] which C. can be as high
as 5 to 10 for tropical peat .However in Malaysia, typical C. was detected in range of
0.5 and 2.6 (Table 2.1). By using Casagrande method (Figure 2.21), the pre-
consolidation pressure, oc estimation of untreated Hokkaido peat was given

approximately 25 kPa.
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Scanning Electron Microscope (SEM), Energy-Dispersive X-Ray Spectroscopy (EDX)
and pH test

Scanning Electron Microscope, SEM apparatus was used to examine
microstructure of untreated peat. The detail of experiment apparatus and procedure
had been describing in Chapter 4. Figure 2.22 (a) depicts the results of SEM test on
untreated peat samples. It has been observed that the untreated peat contains coarse
organic particles and fibers in a loose condition. They were organized arbitrarily
without significant microstructural orientation. The organic coarse particles were
typically hollow and spongy. Due to spongy nature of organic coarse particles,
untreated peat is highly compressible and has a high water holding capacity when
fully saturated [42].
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Figure 2.21: Void ratio (e) versus effective vertical stress (c’v) for Hokkaido peat

Dry samples of test specimens of untreated Hokkaido peats was scanned in
energy dispersive X-ray (EDX) and the chemical composition percentages outcomes
are displayed in Figure 2.22 (b). It can be detected from this figure that the untreated
peat is predominantly characterized by carbon (C) and oxide (O) which are two main
components of organic matter. It is obvious that the peat has also a very low content
of pozzolanic minerals with 4.6% SiO2, 3.1% Al,Oz and 2.1% Fe>Os together with

low calcium at about only 1%.
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It is known one of crucial parameter of peat is their acidity (pH). The
electrometric measurement of the pH of peat in suspensions of water and calcium
chloride solutions is made with a potentiometer using a glass-calomel electrode
system calibrated with buffers of known pH (pH 4, 7, 9 and 12). The average result
of peat pH in this study is about 5.4 which quite large compared to Malaysia peat
with range of 3 to 7 (Table 2.1). This means Hokkaido peat are categorized as lightly
acidic peat. It appears that organic acids mixed with soil and cement that produce a
pH lower than 9 in the pore solution, prevent the development of the cementing

products because the pH is too low to allow secondary mineral formation [43].
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Figure 2.22: Result of; a) SEM, b) EDX on Hokkaido untreated peat

Classification of Hokkaido studied peat

United Soil Classification System (USCS), adopted by the American Society
for Material Testing (ASTM) defines organic soils as a separate soil class in the
standard classification of soils for engineering as shown in Table 2.3. In Malaysia,
classification of peat and organic soils is based on the British Standard 5930:1981.
Nevertheless, this classification has been upgraded by Public Work Malaysia &
Jarret [7] to make this system more clear and suitable to the Malaysia situation. The
Malaysian Soil Classification Systems (MSCS) showed in Table 2.4 introduced the
degree of humidification by Von Post scale as the second important parameter to be

considered after organic content [3].

In order to compare with Malaysia peat and classify the investigated peat,

Figure 2.23 was created based on the collected results in Table 2.1 . This figure and
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Figure 2.24 includes the typical of Hokkaido peat basic properties with the reasons to
confirm and ensure the assessment results by authors are reliable. It can be seen that
the peat has fiber content between 33% and 67%, ash content exceed 15%, and pH
value between 4.5 and 5.5. Hence, this peat can be classified as hemic peat with high
ash content and moderate acidic [44]. With the high water content, high liquid limit
and low shear strength, the studied peat demonstrated the high compressibility and
instability characteristics. Roughly, it can be said that studied peat are always in the

range of typical Hokkaido and Malaysia peat.

Table 2.3: Classification of peat based on ASTM standards

Fibric peat- fibers > 67%

Hemic peat- 33% < fibers < 67% fibers
Sapric peat- fibers < 33%

High ash peat- ash > 15%

Medium ash peat- 5% < ash < 15% ash
Low ash peat- ash < 5%

Highly acidic peat- pH < 4.5

Acidity Moderate acidic peat- 4.5 <pH < 5.5
(ASTM D2976) Slightly acidic peat- 5.5 < pH < 7.0
Basic peat- pH > 7.0

Fiber content
(ASTM D1997)

Ash content
(ASTM D2974)

Table 2.4: Malaysian Soil Classification Systems (MSCS) for Organic and Peat [5]

Soil - Organic Soil De_gr_e_e OT Subgroup Field Identification
group content Symbol Humidification name
Fibric or Dark brown to black in
H1-H3 . :
Fibrous Peat  color. Material has low
Hemic or density so seems light.
Majority of mass is
moderatel
H4-H6 Y organic so if fibrous the
Peat >75% Pt decomposed .
t whole mass will be
peg recognized plant remains.
Sapric or More likely to smell
peat humidified
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Figure 2.23: Illustration of comparative study between Malaysia and Japan peat
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Figure 2.24: Typical of Hokkaido peat basic properties
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2.3 Summary

As summary, this chapter briefly introduces the peat in general in order to
develop an understanding about this ground. These include about peat definition,
classification, formation and distribution in the world especially in Japan and
Malaysia. Moreover, this chapter deliberates an overview of peat concerning to
geotechnical characteristics that highlight the physical, chemical and mechanical
properties. The collected results of studied peat (Hokkaido peat) then compared to

Malaysia peat in order to investigate the similarity potential.

Overall, Hokkaido peat that had been studied has some similarities of peat
properties with Malaysia peat especially in West region including Johor peat.
Therefore, it is expected the research finding could be also applied on Johor peat in
future. These similarities display in Table 2.1 and Figure 2.23 which is shows the
whole comparison between Malaysia and Hokkaido peat. Studied peat can be
categorized as hemic with high ash and lightly acidic peat. This chapter results also
lead to a better understanding of the performance of Japan and Malaysia peat for

better geotechnical design in future.
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CHAPTER 3

CLARIFYING AN EFFECTIVENESS OF SUGARCANE
BAGASSE ASH (SCBA) UTILIZATION ON THE
STRENGTH OF STABILIZED PEAT

3.1 Introduction

Due to high organic content, presence of humic acid and less solid particles in
peat, cement alone is inadequate as a chemical admixture for this ground stabilization
except a large quantity of cement is mixed. Sugarcane production is world number
one commodities and produced a lot of bagasse. Bagasse is burnt to generate power
required for diverse activities in the factory and leave bagasse ash as a waste.
Increasing concern of disposal of bagasse residual creates interest to explore the

potential application of this material.

This chapter emphasis on laboratory investigation on the application of
Sugarcane Bagasse Ash (SCBA) to maximize the filler and pozzolanic effects on the
strength of stabilized peat. Other than SCBA, calcium chloride (CaCl,), Ordinary
Portland Cement (OPC) and silica sand (K7) were used as additives to stabilize the
peat sampled from Hokkaido, Japan. To develop the optimal mix design, specimens
of stabilized peat were tested in unconfined compression. In order to clarify an
effectiveness of SCBA in peat stabilization, some factors that affect the pozzolanic
reactivity of stabilized peat were considered. These factors are OPC-SCBA
composition, duration of curing in water, OPC dosage, K7 dosage and preloading

effects. The flowchart of this chapter implementation is displays in Figure 3.1.
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3.2 Literature review
3.2.1 Introduction

Peat is considered as challenging soils in the view of design parameter and
always associated to low bearing capacity, poor strength characteristics, large
deformation, high compressibility, and high rates of creep [1-5]. Shear strength is
considered as one of the most important fundamental property required in
geotechnical design and analysis. Shear strength always plays a vital role when
dealing with soil especially during pre and post-construction since it is used to
evaluate the foundation and slope stability of soil [1; 6; 7].

CHAPTER 3: Clarifying an Effectiveness of Sugarcane Bagasse
Ash (SCBA) Utilization on Peat Strength

A
Unconfined Shear Strength (UCS):
Determination of optimum SCBA inclusion as
partial replacement of cement

e Effect of SCBA compositions
e Two phase PCB mixture model

Optimum mixtures
selected

UCS: Investigation of multi-effect factor
of stabilized peat

Effect of curing time

Effect of OPC dosage

Effect of K7 dosage

Effect of preloading during curing

Effect of CaCl,

Figure 3.1: Execution planning of Chapter 3

The shear strength properties of soil are normally determined by unconfined
compression tests, triaxial tests or the fall-cone test [8]. Due to the soil low

permeability and high stiffness, unconfined compression tests often provide
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relatively fast and cheap means of determining the soil strength [9]. In recent years,
unconfined compressive (UCS) test become popular in determine the strength of
untreated and stabilized peat in the laboratory [8-15]. The other common laboratory
test is direct shear test in determining the drained shear strength of fibrous peat.
Triaxial test is frequently used for evaluation of shear strength of peat in the
laboratory under consolidated-undrained (CU) conditions. This is due to the fact that
the results of triaxial test on fibrous peats are difficult to interpret because fiber often
act as horizontal reinforcement, so failure is seldom obtained in a drained test [1].
Generally, results from the simple shear tests give lesser strength than triaxial
compression tests because of the fiber orientation (typically horizontal) relative to the
shear plane. It is expected the deduction due to this effect could be as much as 25%
[16]. Due to several advantages of UCS tests to stabilized peat as described above,

this test were chosen and applied in this study.

The effective internal friction, @’ of peat is generally higher than inorganic
soil. However, fibrous peat (normally at shallow depth) showed values of ¢ and the
angle of friction higher compared than other peat types (e.g. hemic and sapric). [7;
17-19]. The high friction angle of peat not actually reflects high shear strength as a
result of the fact that the fibers are not always solid and may be filled with water and
gas. The presence of fibers will modify the strength behavior of peat since the fibers
can be considered as reinforcement and the fibers can provide effective stress where
there is none and it induces anisotropy[1]. The fibers can influence the strength of
peat in that the shear resistance continues to develop at high strain values without a
significant peak behavior and will exhibit Ko values decrement compared to that of
clays [20].

3.2.2 Peat improvement methods

Conventionally, the normal practice is to avoid peat ground, or excavate (cut
and fill or replacement method) or drive pile through them [17]. However due to
dearth of suitable land for infrastructure development and agriculture, evasion of
construction on poor lands such as organic and peat land is no longer option anymore.

Replacement method (Figure 3.2) will make large scale disposal of peaty soils in
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unacceptable amount in future [21]. Excavation and replacement of the peat below
the road line is the safest option for constructing, or improving, a road over peat
other than by avoidance. In this method all of the weak materials under the road line
are excavated out to a suitable firm layer and the embankment constructed on the
exposed sound foundation, preferably with non-cohesive material locally won on site.
However, the actual economic at a particular construction location will depend on the
local parameters for example the type of peat, the depth of peat, the area of peat, the
cost of the backfill material and availability of disposal areas [22]. Disposal of poor
quality surplus material can be regarded as one of the most significant environmental
problems in construction. The other disadvantages of this method are the difficulties
in excavation and placing fill below water table. Normally demands high quality of
fill material (low percentage of fines). Deep excavations may have effects on
adjacent lands and structures. Unexcavated soft material below embankment may
cause future settlements [22; 23]. Structures on peat that suspended on piles normally
give deposition effect to surrounding ground [24] like shown in Figure 3.3. Currently,
the utilization of peat land in Malaysia is quite low although construction on
marginal land such as peat has become increasingly necessary for economic reasons.
Engineers are reluctant to construct on peat because of difficulty to access the site
and other problems related to unique characteristics of peat. Thus, not much research
has been focused on the development of soil improvement method for construction
on peat [25].

N,
p

ml- Disposal of peat
g = P‘/ (poor quality soil)
Peat

Embankment Fill \

Firm Laryoe

Figure 3.2: Replacement (cut and fill) method on the peaty ground [22]

There are a number of improvement options that can be applied to peat
especially for road construction, namely: excavation-displacement or replacement;

left in place such as strength improvement (e.g. preloading- Figure 3.4), load
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modification- Figure 3.5 (e.g. slope reduction, berms, lightweight fill),
reinforcement- Figure 3.6 (e.g. geotextiles, geogrid, timber raft, and steel mesh),
vertical drainage, piling, stabilization (e.g. in-situ chemical admixtures). These
chemical admixtures can be applied either as deep in situ mixing method (cement
columns), or as surface stabilizer (mass stabilization) and this method considered as

economical and time saving option [20; 22; 26-28].
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Figure 3.4: Peat improvement by preloading method [22]

Chemical admixture method in peat stabilization

Chemical admixtures or chemical stabilization always involves treatment of
the soil with some kind of chemical compound, which when added to the soil, would

result in a chemical reaction. This method has been extensively used in both shallow
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and deep stabilization in order to improve inherent properties of the soil such as
strength and deformation behavior. Lime or cement has commonly been used as
chemical admixtures for soil stabilization and mixing method to improve the
properties of soils since olden times. However in the case of tropical peat, little is
known about it responding to chemical admixtures such as cement and lime [24; 29;
30].
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Figure 3.5: Peat improvement by load modification method [22]
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Figure 3.6: Peat improvement by reinforcement method [22]
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The use of cement and its capability in inorganic soil stabilization is very
popular since long time ago. Nevertheless, the use of cement is not given much
attention in the stabilization of organic soils because evasion is often become the first
choice rather than build up any infrastructure on these problem land. However, over
the past few years, there are researchers who began to observe the ability of the
cement in the stabilization of organic soil [8; 10; 11; 24; 31-35]. From the literature
review on peat stabilization by chemical admixtures, cement mixtures usually gives
the better results than lime [11; 24]. Other than it potential as stabilizer, cement is
also considered as low cost admixtures compared to lime (Figure 3.7) and ease of

storage in a hot and humid climate such as Malaysia [36].
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Figure 3.7: Cement and lime prices comparison for Malaysia market [36]

Peat mass stabilization method

In recent years, one of the popular peat improvement techniques that get
attention is mass stabilization by use cement as a main binder (Figure 3.8). One of
the limitation of this stabilization practice is the depth of peat should not more than
5m. However this constraint may be able to be a great approach for peat stabilization
in oil palm plantation since peat ground under oil palm estate is very suitable at peat

depth that not more than 3 meter [37]. As stated by Allu [38], mass stabilization is
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very suitable for the shallow depth (under 5m) and wide area

improvement.
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Figure 3.8: Peat improvement by mass stabilization method [22]

Mass stabilization is a relatively new soil reinforcement technique (especially

for soft soil like peat, organic and mud) in which stabilizing agents are blended into

the entire soil layer and applied with good results in a number of projects in Sweden

and Finland. Unlike the deep mixing method, these results in a stabilized block that

increases the stability of the soil. The method is to mix an appropriate amount of dry

or wet binder throughout the volume of the soil layer. The mixing is carried out both

horizontally and vertically to set depth. In Finnish projects using mass stabilization,

shear strength has been increased by factors of up to 40 in mud and up to 20 in peat

[11; 39]. According to Jelisic and Leppanen [23], the mass stabilisation method has

many benefits, including:

a. Itis a rapid ground improvement method, and can be adapted to varying soil

conditions
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b. Itisin most cases economically efficient and saves materials and energy.

c. It improves the engineering properties of the soil and can be flexibly linked
with other structures and with the surroundings (no harmful settlement
differences)

d. Transfer of the natural soil elsewhere is not needed, so there is less
transportation and traffic pollution and no need for disposal sites and offsite

transport.

Mass stabilization method is suitable for reduction of settlement and for
improvement of stability of soft ground and is applicable in infrastructure projects
like roads and railways. It is also used for foundation of smaller buildings and
bridges, and for stabilization of excavations, lagoons and natural slopes. In general,
the method is found technically, economically and environmentally favorable
compared to other alternatives [39]. In obtaining effectiveness of this method, some
stabilizing factors should be taken into account and carefully observed. There are
cement dosage (sometimes together with accelerator), pozzolana (e.g. fly ash to
enhance the secondary pozzolanic reaction), filler (e.g. fine sand to increase solid
particles in peat), temperature, curing duration and preloading during curing [11; 31;
40; 41].

3.3 Methodology

3.3.1 Description of materials

Figure 3.9 shows the materials that had been used in this study. There are
peat, Ordinary Portland Cement (OPC), silica sand so called K7, calcium chloride
(CaCl,) and Sugarcane Bagasse Ash (SCBA). The site of the peat under study is
located at Sapporo in the Hokkaido region, Japan. Peat was excavated approximately
to a depth of 1 m below the ground surface in order to obtain samples for laboratory
experimental. Two types of SCBA samples were obtained from Kagoshima
prefecture in Kyushu, Japan. One type is expected to be a high quality pozzolan than
other one. The 3" type of SCBA was created by mixing both, high and low quality of

collected SCBA’s. Other than OPC as main binder and CaCl, as cement accelerator,
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well graded silica sand (K7) was prepared as a filler to increase the solid particles
and enhance the filling effect of the stabilized peat.

Figure 3.9: All study materials: Hokkaido peat, OPC, K7, CaCl;, SCBA

3.3.2 Mixing designs of laboratory test

In order to ensure the safety and the quality of the final stabilized product, a
number of stabilization tests must be carried out in the laboratory beforehand to
establish the most suitable stabilizers, to optimize the quantity of stabilizer and to
assess strength-deformation properties of the stabilized soil for the actual case. A
new laboratory testing procedure has been introduced for peat so that the actual
loading conditions in the field can be simulated in laboratory [23]. About 50-70 % of
the total costs in stabilization project are caused by the binder. By careful laboratory
work the suitable binder and its optimized quantity [in kg/m®] is selected and thus

considerable savings are reached [38].

In order to clarify an effectiveness of SCBA in peat stabilization, some
factors that affect the pozzolanic reactivity of stabilized peat were considered. These
factors are OPC-SCBA composition, duration of curing in water, OPC dosage, K7
dosage and preloading effect. The selection of these factors is based on the literature
review [8; 10; 34; 38; 41]. The mix designs of stabilized peat for laboratory testing
are shown in Table 3.1. These mix designs were implemented to all SCBA types.
The basic mixtures were produce by include OPC and K7 dosage at 300 kg/m? and
500 kg/m? respectively. These mixtures then cured under 20 kPa of air pressure for 7
days. These admixtures amount would change depend on the purpose of

investigation as described in Table 3.1.
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Table 3.1: Laboratory mix design

No. of o Curllng Initial  5pc dosages K7 dosages CaCl, ) .
test Type of test  Description of test purpose durations pressure Ka/m? Ka/m? dosages Mixtures compositions
Cas) ey O™ (IM) e
100% OPC @ PC
95%0PC:5%SCB @ PCB-5
. . 90%O0PC:10%SCB @ PCB-10
To investigate the effect of
. L. 85%0PC:15%SCB @ PCB-15
1 UCS, pH, w blndizgsctgyfo;ti:s]r;:sn the 7 20 300 500 3 80%O0PC:20%SCB @ PCB-20
P 75%0PC:25%SCB @ PCB-25
70%0PC:20%SCB @ PCB-30
65%0PC:25%SCB @ PCB-35
To investigate the effects . .
2 UCS, pH, w  curing duration on the tested 714, 21, 20 300 500 3 The qpnmum binder
. 28, 60 composition from test (1)
specimens
To investigate the effects of . .
. 0, 20, 40, The optimum binder
3 UCS, pH, w initial pressurg on the tested 7 60, 80. 100 300 500 3 composition from test (1)
specimens
To investigate the effect of . .
. 100, 150, 200, The optimum binder
4 UCS, pH, w  binder dosage_: on the tested 7 20 250, 300 500 3 composition from test (1)
specimens
To investigate the effect of . .
. . 0, 100, 200, The optimum binder
5 UCS, pH, w silica sand (filler) dpsages on 7 20 300 300, 400, 500 3 composition from test (1)
the tested specimens
To investigate the effect of h i bind
6 UCS,pH,w  CaCl, dosages on the tested 7 20 300 500 0,1 2 3,4 € optimum binder

specimens

composition from test (1)
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3.3.3 Laboratory sample preparation procedures

The mix designs of stabilized peat were formulated in term of binder
composition and dosage as conducted by EuroSoilStab [15]. A total of 140 samples
of stabilized peat were prepared for all three types of SCBA. Each admixture consists
of 3 samples in order to keep results consistency and reliability. Each binder dosage
was determined based on the bulk density of peat that remoulded at its average

natural water content.

Initially, cylinder mould for the mixtures was prepared (Figure 3.10). Each
cylinder mould has a size of 60 mm internal diameter and 300 mm height. One of the
important factors of mould preparing is to calibrate the friction between mould cell
inner wall and the piston block that occurred during curing under a certain subjected
pressure. The calibration of these was conducted by comparing the magnitudes of the
applied pressure and the corresponding pressure response at the bottom of the cell.
The lubricant oil was applied at first to the wall and the side of piston block before
the test implemented. In this study, air pressure had been used rather than iron rod in
conventional method [8; 11; 23; 38] with the aim of the field preloading simulation.
The air pressures with magnitudes of 20, 40, 80 and 100 kPa were subjected to the
piston block in the mould cell consequently (Figure 3.10). This test had been
conducted on three random mould cells in order to get an average response pressure.
As shown in Figure 3.11, the response pressure shows the slight low reading
compared to applied pressure which means the friction between cell wall and piston
block exist. However, this friction can be neglected since the graph trendline results
is approach to perfect line with R? is almost 1.

In producing each admixture, a mixer was used to intimately mix the peat
with other materials for 10 minutes. At first 3 minutes, the admixtures were mixed
without peat by using standard kitchen mixer. For another 7 minutes the all materials
were mixed and by using hybrid mixer. The process of mixing was displayed in
Figure 3.12. The main part of the special mixer is driller that combined with kitchen
mixer blade. In order to maximize the homogenization of samples mixing, regulator
has been used on this special mixer and set to the constant power. Preparation of

each test specimen of stabilized peat for unconfined compression test will be done by
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filling and tamping the stabilized soil admixture in five equal layers in the cylinder
mould as shown in Figure 3.13. Then the piston was lubricated and pushed gently to
rest at the upper mixture surface. The remaining area between the cells caps then
filled with the water for the safety purpose. After that, cell was screwed once again
by the mould lid before it immersed in a water container for curing (Figure 3.13) at
specified duration under an initial pressure by using air pressure to simulate the

surcharge pressure on the stabilized soil at site.
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Figure 3.11: Sample mould cells friction test results
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Materials and peat
mixing

Sample filling n Sample curing under pressure

Figure 3.13: Samples filling and curing method

Figure 3.14 presents the schematic diagram that shows the detail arrangement
of sample curing under air pressure. This method can be considered as a new
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technique for curing the sample under pressure since the conventional method
(Figure 3.15) was using iron cylinder as a load pressure [8; 38]. Once the mixture
cured, the cylinder tube is removed and the test specimen is trimmed to the required
size for testing by using special sample extruder and cutter (Figure 3.16). To evaluate
the degree of improvement, the established parameters of the stabilized soil must be
compared to those of untreated peat.

Air pressure
Pressure gauge ’V supplier Water bubble
& regulator release hole
Pressure flow ; N ||
L] [ ] | direction
1 O rubber

ring

— Water >
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tank
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Figure 3.14: Schematic diagram of sample curing under air pressure
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Figure 3.15: Conventional method in making, loading and testing of stabilized peat
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Figure 3.16: Sample extruder and cutter

3.4 Results and discussions

3.4.1 Materials properties

Table 3.2 demonstrates the percentages of oxide compounds of the materials
and peat that used in this study. These results were obtained from EDX test. It is
noticeable that the peat has very low contents of pozzolanic minerals as described in
Chapter 2. The OPC is predominantly characterized by 65.4% CaO, 10.26% SiO2,
6.6% Al>0O3 and 5.57 Fe>Os. Based on a review, OPC is primarily characterized by
quicklime (Ca0), silica (SiO.), alumina (Al>03) and ferric oxide (Fe203) [42]. With
content about 93% of SiOy, it can be confirmed that quartz is the main mineral in the
K7 silica sand. For SCBA 1 and SCBA 2, it was found that the summation of the
crucial pozzolanic oxide compounds (SiO2, Al.Os and Fe2QO3) is around 72% and
74% of the total oxide compounds. These results point out the suitability of used
SCBA’s as a pozzolan since the amount of such oxide compounds exceeds 70% as
recommended by ASTM C618 Standard [43].

The particle size distribution of the peat and other materials are tabulated in
Figure 3.17. The untreated peat particle size distribution curves result was briefly
deliberated in Chapter 2. For materials grain size, most of K7 particles sizes are 0.05
to 0.3mm in range. The SCBA 1, SCBA 2 and SCBA 3 particles consist about 80%,
15% and 60% finer than 0.045mm (passing No. 325 sieve) respectively. This result
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also indicates that SCBA 1 is finer than SCBA 2 and SCBA 3 with average particle
size are (Dso) around 18, 260 and 27 um individually. Based on Figure 3.17, SCBA 3
particle size seems approach the SCBA 1 curves results especially in finer region.
Although this SCBA is actually created by fair combination of SCBA 1 and SCBA 2,
the finer results gained is probably because of mixing effect that contributes by mixer
blade and duration. According to ASTM C 618 Standard [43], volume fraction of
more than 66% of particles smaller than 45 um is good for a pozzolanic material and
this limit achieved only by SCBA 1 as proved in Table 3.3. Figure 3.18 had been
created in order to simplify the results that obtained from Table 3.3. Clearly from this
Figure 3.18 that only SCBA 1 passes the entire minimum requirement that assigned
by ASTM [43] where the water contents, loss on ignition and sulfur oxide of
pozzolan materials should not exceed 3, 6 and 5% respectively. Therefore, in this
assessment, it can be understood that SCBA 1 has better quality than other SCBA in
peat stabilization especially the contribution made by its fine particle size.

Table 3.2: Oxide compounds of peat and materials

Oxide Untreated Sand

Compound, %  peat OPC (K7) SCBA1 SCBA2 SCBA3
CO, 86.14 - - - - -
CaO, 1.10 65.21 0.65 7.70 2.53 5.40
SIO; 4.64 2155 70.18 57.38 70.53  55.07
Al,O3 3.09 3.82 1930 10.19 1.65 8.36
Fe,03 2.07 128 0.17 4.07 2.24 4.32
Na,O 0.76 151 0.00 1.71 0.51 0.73
MgO 0.95 197 042 1.23 1.22 2.02
P,0s 0.27 087 7.29 4.33 7.62 6.36
SO; 0.54 1.68 0.67 1.47 0.15 2.42
K,O 0.45 129 053 1098 1274 1438
TiO, 0.00 082 0.78 0.93 0.82 0.91
Total 100.0 100.0 100.0 100.0 100.0 100.0

62



100

—O—Peat
—0—K7

—0—-O0PC
—x—SCBA 1
—x—SCBA 2
—+—SCBA 3

(o2}
o

N
o

Percent finer, %

20

0.0001 0.01 1

Particles size, mm

Figure 3.17: Particle size distribution of peat and materials

Table 3.3: Requirement of pozzolan materials results for all SCBA

Sources Test results Requirements SCBA1 SCBA2 SCBA3

w, % Less than 3% 2.89 35.67 16.27

Laboratory LOI, % Lessthan 6%  3.91 9.93 6.91
test Passing 45um, % > 66% 85 15 62

Dso, mm 0.018 0.260  0.027

SO; Less than 5% 1.47 0.15 2.42

CaO 7.70 2.53 5.40

Al,O3 10.19 1.65 8.36

ES[f)'\("tf;t Si0, 5738 7053 5507
Fe,03 4.07 2.24 4.32

SiO,+AlL,O5+Fe,04 >70% 71.64 74.42 67.75

Ca0/SiO, 0.134 0.036  0.098

63



mESCBA1 mSCBA?2 SCBA 3

90
% ASTM-
orhmEl® | | | o
Se0 00 (B wl | | Wy
3 |1
c
5 40
s 30
20
10
0 - " J ...............

Figure 3.18: Comparison of all SCBA properties as pozzolan

3.4.2 Effect of partial replacement of Ordinary Portland Cement (OPC) with
sugarcane bagasse ash (SCBA)

Figure 3.19 displays the experimental results of the effect of all types of
SCBA percentage replacements on the UCS of the stabilized peat. The detail
determination of UCS and its average reading were shown in Appendix B and
Appendix D. An optimal UCS of the stabilized soil was evaluated based on the
results of unconfined compression tests on the specimens of stabilized peat with
partial replacement of the cement with SCBA that varies from 5% to 35% as shown
in Table 3.1. However for SCBA 2 and SCBA 3, replacement percentage only done
until the substitute amount achieved 25%. This is because the peak strength results
shown for both SCBA are found at 5 and 10% replacement and continuously drop
when the cement are reduces as much as 25%. It can be detected that the test
specimen with 20% partial replacement of OPC with SCBA 1 (PCB1-20) has the
highest UCS of 387 kPa and was discovered to be about 30 times better than
untreated peat and approximately 1.2 times greater than UCS of PC specimen (Figure
3.19). On the other hand, SCBA 2 mixture achieves the optimum at only 5% of
cement replacement (PCB2-5) and recorded slight increment compared to PC

specimen. It seems SCBA 3 mixture recorded a little lower strength than SCBA 1
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mixtures but it achieved an optimum at only 10% cement replacement (PCB3-10).
This may cause by combination properties between two main SCBA’s in SCBA 3
development especially influence by SCBA 1 grain characteristic as proved in Figure
3.17. As stated by ASTM D4609 [44], an increase in UCS of 345 kPa (adopted as
minimum UCS target in this study) or more must be reached for a treatment to be
considered effective.

The main reasons why PC mixture gave lesser strength than optimum mixture
of SCBA 1, SCBA 2 and SCBA 3 are because peat consists of high organic content
and less solid particles as showing in Table 3.2. Organic soils can retard or prevent
the proper hydration of cement in soil mixtures and become insufficient to provide
the required function for peat stabilization. Matched to clay and silt, peat has a
considerably lower content of clay particles that can enter into secondary pozzolanic
reactions [10; 40]. The combination of humic acid with calcium ions produced in
cement hydration makes it difficult for the calcium crystallization, which is
responsible for the increase of peat-cement mixture strength to take place [31].
CS+H=CSH + CH (3.1)

CH + Pozzolan + H = CSH or/and CASH (3.2)

Generally, chemical reactions between cement and pozzolan with water are
denoted in Eqgn. 3.1 and Eqgn. 3.2. Calcium silicate hydrates (CSH) or also known as
tobermorite gels together with calcium hydroxide (CH) are formed when cement
reacts with water (H) in peat. The CSH act as adhesive that binds and grasp the soil
particles together. Nevertheless, humic acid in peat reacts with calcium ion to form
insoluble calcium humid acid. These conditions make the secondary pozzolanic
reaction between CH and the peat is inhibited and this renders a low strength gain in
the soil-cement mixture.

The fact that the test specimen of PCB1-20, PCB2-5and PCB3-10 has the
better UCS may be explained by a condition whereby it has achieved an optimal
effect of hydration reaction. By means of the inclusion of pozzolan such as SCBA in
the soil-cement mixture, hydration of cement is accelerated when the pozzolan reacts
with calcium hydroxide and water to form more secondary tobermorite gels along
with calcium alumina silicate hydrates (CASH) as shown in Egn. 3.2. This is

probable because the pozzolan which contains extra silica and alumina that activated
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by cement is able to counterbalance the acid and create an alkaline atmosphere that
boosts the secondary pozzolanic reaction within the cemented soil. Additional CSH

and CASH densify the stabilized peat, thereby further enhancing its strength [45].
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Figure 3.19: Unconfined compressive strength of PCB mixtures compared to PC
mixture (top) and untreated peat (bottom)

66



Frequently, the pozzolanic effect depends not only on the pozzolanic reaction
but also on the physical or filler effect of the smaller particles in the mixture [42].
The positive result indicates that the optimal mix design can be effectively applied to
stabilize the peat in such a way that the fine particles of pozzolan fill up the pore
spaces of the cemented soil, thus closely packing, reinforcing and strengthening its
matrix as the hydration and pozzolanic products are formed during cement hydrolysis
[41].

Figure 3.20 shows the results of pH and water contents for all PCB mixtures
Generally, it can be seen that higher the pH seems gave better strength to specimens
while water content looks like rely on rate of hydration by vary OPC composition. At
peak point of all optimum PCB mixtures onwards, it seems clear decrease of the
samples pH and consequently dropping its strength. It is observed this decrement
pattern continuously occurred when the rate of cement content declined. In the other
hand, water contents show the increment as SCBA percentage rose. In the other
words, water consumption appears to increase as a percentage of cement is reduced.
This is believed because of low hydration and pozzolanic reaction contributed both
by SCBA inclusion and cement quantity. At 10% OPC replacement by SCBA, it was
observed that UCS obtained for PCB 3 is higher than PCB 1. This phenomenon
could be happened because of the SCBA reactivity amount and its grain size
distribution. The SCBA particle in the PCB 3 that non-reactive normally will act as
filler in mixtures which improve the stiffness (void filling) and strength of the mixing.
This non-reactive particle is believed contributed by SCBA 2 (low quality SCBA).
Since PCB 3 also comprise SCBA 1 particles, chemical effect was understood could
be enhance its strength together with physical effect by finest grain of SCBA 1. It is
well known that secondary pozzolanic reaction normally take place in later step and
in long term hydration. The results in this figure were only revealed the UCS gained
after 7 days curing. This is probably the reason why PCB 1 displays lower strength
than PCB 3 at 10% OPC replacement.
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Figure 3.20: The results of pH (top) and water contents (bottom) for all PCB

mixtures

For an organic soil stabilization to be effective, the pH value of the stabilized
soil admixture must exceed 9. Tremblay et al. [46] stated that specimens with organic
acids producing pH lower than 9 in the pore solution strongly affect the development

of cementing products and also no strength gain was noted. However, they also
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mentioned that pore solution more than 9 not always indicate great strength gain. In
the case of this study, for instance, although a pH value that exceeded the minimal
required pH of 9 was achieved by stabilized peat admixture at all PCB mixtures, an
unconfined compressive strength that exceeded the minimum target unconfined
compressive strength of 345kPa was only reached at a minimum pH about 12.5 with
maximum water contents about 85% (Figure 3.20). These occurrences happened
because when insufficient cement is added, hydration and pozzolanic reaction
become lower and effective neutralization of humid acids within the soil is not
achieved. This is due to the limited formation of primary cementation products to
bind the soil because the soil organic matter tends to retain the calcium ions
produced from cement hydrolysis, resulting in a limited amount of calcium
hydroxide that could react with silica and alumina of SCBA to yield secondary
pozzolanic products during the pozzolanic reaction. The acids may also cause the soil
pH to drop and this negatively affects the binder reaction rate, resulting in a slower

strength gain in peat [11].

Secant values of Young’s modulus of elasticity at 50% of the unconfined
compressive strength, Eso, have been related to the unconfined compressive strength,
qu as shown in Figure 3.21. This relationship could be attained by dividing half of the
peak strength (qu/2) with the observed strain at the stress level in the UCS test. It was
detected from this figure that a value of the ratio of Eso to qu (Eso/qu) for PCB 1
mixtures is greater than other mixtures and exceeds 50. From the literature review,
values of Eso/qu for the dry method of deep mixing have been stated in the range
from 50 to 250 [47-49]. Figure 3.22 shows the relationship between strain at failure,
er and unconfined compressive strength, qu for all optimum PCB mixtures. Obvious
difference was detected between PCB 1 and PCB 2 mixtures which are represent
high and low quality of SCBA respectively. This could be happened mainly because
of percentage of SCBA in mixtures. When more SCBA was inserted in mixtures,
ductile behavior was appeared. The different is PCB1 mixtures become ductile
slowly compared to PCB2 with SCBA increment. This probably could be occurred
because of the reactivity level of SCBA used in the mixtures. Higher reactivity
pozzolan is tending to take part in hydration process and as a result the mixtures

behavior is similar to the behavior of cement stabilized soil (generally shows the
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brittle behavior). On the contrary, non-reactive pozzolan like SCBA 2 will act as soil

filler with limited hydration rate and finally make the mixtures more ductile.
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Figure 3.21: Relationship between secant modulus at Eso and unconfined

compressive strength, qu for all optimum PCB mixtures
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Figure 3.22: Relationship between strain at failure, ef and unconfined compressive

strength, qu for all optimum PCB mixtures

Based on the finding, the mixtures PC, PCB1-20, PCB2-5 and PCB3-10

corresponding to the optimal mix design was further applied to the remaining test

specimens of stabilized peat in the experiment on various stabilization factor.
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3.4.3 Two phase model for peat-cement-bagasse (PCB) mixtures

It is become something beneficial when PCB mixtures strength property at
various percentage of SCBA inclusion could be estimated by knowing some
important characteristics of raw SCBA. This idea possibly could be achieved through
generalization of two phase mixtures model into studied PCB mixtures. Two phase
mixtures can be defined as the mixtures that consist of a basic and a supplementary
material which called a matrix and an inclusion. The concept in evaluate the
deformation modulus of PCB mixture were shown in Figure 3.23. In this study, PC
mixture that prepared in laboratory was considered as matrix while SCBA as an

inclusion which its mechanical properties were known.

Flow chart for obtaining deformation modulus of
PCB mixtures

PCB mixtures for PC mixtures prepared

S “ . SCBA as inclusion
estimation in laboratory

v

PCB mixtures prepared
in laboratory

A
Measurement of ‘
improvement rate i

Unconfined
Compressive Test

y
Two phase
mixtures model

'

Deformation modulus,
E of PCB mixtures

Figure 3.23: The concept in evaluate the deformation modulus of PCB mixture

Young modulus of two phase mixtures in 1-D stress condition from previous
researcher [50-54] is represents by Eqn. 3.3 and Eqgn. 3.4. For two phase model of
peat- cement-bagasse (PCB) mixtures, b could be represents the estimation stress
distribution while fs denote the SCBA inclusion percentage. The parameter Es and E”
indicate the deformation modulus of SCBA inclusion and PC mixture respectively.

Deformation secant modulus, Eso, which is the compression stress-strain curve at a
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half of maximum compressive stress is usually used as parameter for representing
unconfined compressive strength property. Therefore, the elastic moduli in Eqn. 3.3
correspond to the deformation moduli of the PCB mixtures as E= Esopch, Es=Esos and
E"=Eso".

~(b-1)f 41
i G- o
7_’_ <
E, E
where;
E 1/2
b=| = 34
8 @4

The first step that had to be done with the intention of PCB mixtures
deformation modulus, Esopcn estimation is to determine the improvement rate of PC
mixtures after SCBA inclusion. Therefore the vital parameters to evaluate first are Es
and E*. As mentioned before, SCBA was considered as an inclusion and it
deformation modulus, Es will be assumed as constant (Eqn. 3.5). For E’, it was
expected that this values will increasing up to optimum PCB mixtures and gradually
dropped afterwards. For that reason, the proposed equation for E” is shown in Eqn.
3.6. By substituting Eqn.3.5 and Egn. 3.6 into Eqn. 3.3 and Eqn. 3.4, Eqgn. 3.7 and
Eqgn. 3.8 were derived for Esgpeh prediction.

E, = constant (3.5
E'=E, (+ay/f,) (3.6)
c_ (b-1)f,+1 2

“fh, @1 3.7)

E  E'@+ayf,)

where;

(3.8)

ES 12
[EﬂﬁaJEjJ

72



In Eqgn. 3.6 to Eqgn. 3.8, the main parameter is alpha (a). In this study, the a is
suggested as indicator of quality characteristic of SCBA that could be enhance the
filling (packing) and hydration effect of matrix until the optimum composition of
PCB mixtures attained. After the optimum point reached, it is assumed that the more
inclusion of SCBA will stop or decline the hydration effect in mixtures and
consequently Esopen will decrease. As a result, o can be computed by Eqn. 3.9 and
Eqgn. 3.10. The Eqgn. 3.9 is considered valid when 0 < fs < fsopt While the Eqn. 3.10
with the range fsopt < fs < 1. However there some limitation in Eqn. 3.10 which when

fs is larger than fsopt and satisfy Eqn. 3.11, the o become zero.

o= 050 fs ot fOI’ (0 < fs < fsopt) (39)
1/4
a = O{O fsopt l—[ ffs — ] fOI’ (fsopt < fs < 1) (310)
1/4
a=0 when (ffs 1] >1 (3.11)

In order to determine aofsopt, the graph a vs fsopt (Figure 3.24) was developed
by taking the optimum point for each SCBA from Figure 3.25 that created by using
Eqgn. 3.7. The o in Figure 3.25 were obtained by parametric study of this parameter in
order to predict optimum point for all PCB mixtures. Next step is estimating the
aofsopt from the Figure 3.24 (equal to graph trend line gradient) which from this study
the oofsopt = 15fs. This value then will be used in Egn. 3.9 and Eqgn. 3.10 before
replace the o in Eqn. 3.7 for predicting all Esopeh. With the intention of fsopt (Optimum
percentage of SCBA inclusion) approximation, Figure 3.26 (fsopt VS Pe/Cg) was
developed and could be used. This graph was created base on the crucial
characteristic that is able to distinguish between the good and low quality of all used
SCBA. The characteristics were mainly focusing on physical effect, Pe (e.g. Dso) and
chemical effect, Ce (e.g. CaO2/SiO). Based on literature review [40; 42; 55; 56],
these two vital characteristics are believed become the main contributor of filling and

hydration effect in PCB mixtures.
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The data and results of calculation/estimation of Esopeh Versus experimental
Esopch Was summarized in Table 3.4 and Figure 3.27 for all PCB mixtures. Obviously,
the proposed calculation results seem very effective by presenting the good

agreement with the experimental PCB mixtures deformation modulus.

Table 3.4: The data of calculation/estimation of Esopceh Versus experimental Esopcn

Mixtures PCB5 PCB10 PCB15 PCB20 PCB25
fs 0.05 0.1 0.15 0.2 0.25
PC mixtures  Egy 14.50
Eeoe 7.60
SCBALl Esppey 1520 19.40 21.20 24.80 17.80
Esopenesy 1625 19.21 2225 2484 17.05
Esos 2.08
SCBA2 Espppqy 1500 1110 940 7.90 7.80
Esopco sy 15.13 1168 1055 956  8.69
Esos 4.10
SCBA3  Espprqey 1580 19.60 14.00 11.09 9.70
Esopen esy 1583 18.22 1335 1117 10.49
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Figure 3.27: The results of calculation/estimation of Esgpc Versus experimental Esopeb

3.4.4 Effects of duration of curing in water

It can be observed from Figure 3.28 that the UCS of all optimum PCB
mixture specimens increased while increasing the duration of curing in water. When
the surcharge of 20 kPa was applied, the UCS of test specimens increased
progressively at the curing time in water of 7, 14, 21, 28 and 60 days for PC and PCB
mixtures. It is evident from the findings that the duration of curing in water
influenced the UCS of test specimens. All PCB mixtures show the slow increment
compare to PC mixtures and overall PCB 1 mixtures shows the higher positive
results. However, it is clear that after 7 to 14 days of curing, UCS of PCB2-5 and
PCB3-10 mixtures become lesser than PC mixture and this trends looks continuously
till 2 month of curing. This results shows the good agreement with the fact that
cement hydration (PC mixtures) is normally rapid and effective at first month but
almost stop or complete after that duration while pozzolan reaction can be occurred
continuously until several month or even years [8; 38; 45]. Therefore it is plainly
indicate that the quality of selected SCBA is very important and should be prudently
examined in order to get long term strength gain.
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The rate of the UCS development was very rapid within 7 days of curing
duration, after which between 28 and 60 days of curing time, it reached a state of
transition in which the UCS increase began to slow down. A drastic increase in the
unconfined compressive strength at 7 days of curing was mainly attributed to a
combination of cement accelerator (CaCly), filler effect of both silica sand and SCBA,
hydration reaction of the cement, and pozzolanic activity of SCBA. Pozzolanic
reactions depend on calcium hydroxide released by the hydration reactions of
calcium silicates as exposed in Eqn. 3.2. Figure 3.29 represents the effect of curing
duration for all peat-cement-bagasse ash (PCB) mixtures on the acidity, pH and
water contents, w%. It was observed that pH increase with curing time and
simultaneously reduces the w. The reason why this could be happened is perhaps
because there are more hydration development occurred with elapsed time in alkaline
condition and consequently enhance the mixture strength. As known, hydration
process requires enough water in order to get proper cementation product and this

progression is significant at first month of curing.
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Figure 3.28: Effect of curing duration for all peat-cement-bagasse ash (PCB)

mixtures on the unconfined compressive strength, qu
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3.4.5 Effect of preloading during curing

Figure 3.31 shows the results of preloading effect on stabilized peat by all
PCB mixtures. The results indicate the positive and linear improvement when the
initial loading rises for all PC and PCB mixtures. It observed that preloading gave the
significant increment even only subjected the pressure as small as 20 kPa if
compared to the specimen without pressure during curing. For PCB2-5, it is
suggested to use at least 40 kPa (about 2 meter high of embankment in the field)
preloading during to the aim of minimum strength. The strength of stabilized peat is
pronouncedly affected by the application of initial load shortly after mixing with
binder. Refer to Figure 3.31, PC mixtures strength was exceed PCB2-5 mixtures start
from 60 kPa subjected initial loading and the different obvious at 100 kPa of
preloading. This could be happened when more contact between material particles
and cement, hydration progression could be formed easily and rapidly. Since PC
mixtures consume 100% of OPC compositions, therefore more cement products able
to produce while for PCB-5 mixtures was likely tend to fill the mixture voids caused

by 5% of SCBA 2 replacement. For that reason it could be suggested that the

78



replacement of cement by low quality of SCBA are not recommended for high

embankment.

Particularly in stabilizing peat, an initial surcharge or preloading, in the field
has been regarded necessary in order to create a more homogeneous stabilized mass
of peat. Besides, preloading provides a trafficable bed for the continuous stabilization
of adjacent areas, thereby considerably improve the strength of stabilized peat.
Without preloading as a trafficable bed during peat stabilization, the situation that
illustrated in Figure 3.30 may be occur. It is not the magnitude of the initial load
itself that governs the increase in strength, but the amount of compression resulting
from loading. The void spaces between the binder grains and the solid soil particles
in peat would be reduced by the compression that occurs under preloading. With the
increasing preloading, the compression increases resulting in the decrease of initial
density of the stabilized soil and time lapse between mixing and loading [33]. Figure
3.32 indicates the effect of preloading for PCB 1 mixtures on the acidity, pH and
water contents, w%. Overall, it can be seen from this graph that the water contents
uniformly dropped by 5% between 0 kPa and 100 kPa of initial loading. On the
contrary, pH results climbed rapidly at first 20 kPa of preloading and followed by
gradual soared from that point. This finding shows the agreements with strength
gained (from 218 kPa to 387 kPa) which is the preloading gave the significant
increment when subjected the pressure of 20 kPa if compared to the sample without

pressure during curing.

Figure 3.30: On site difficulty in peat stabilization
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3.4.6 Effects of Ordinary Portland Cement (OPC) dosage

Figure 3.33 shows the results of the effect of the OPC dose to the unconfined
compressive strength. In relation to the dosage of OPC, binder quantity must be
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adequate to achieve the threshold for effective stabilization of peat. It can be seen
from Figure 3.33 that strength gain gradually increases with OPC dosage and it is
more obvious especially after the amount exceed 250 kg/m3. All PCB mixtures
except PCB2-5 gave the good results that exceed the minimum UCS target in this
study. It is revealed that at satisfactory OPC quantity, the acid in the peat could be
neutralized. This also imply that below the threshold binder dosage, stabilization of
the peat remains hindered due to insufficient binder to induce cement hydration and
pozzolanic reactions in the test specimens. This is by reason of the limited formation
of primary cementation products to bind the soil because the soil organic matter
tends to retain the calcium ions produced from cement hydrolysis, resulting in a
limited amount of CH that could react with silica (Si) and alumina (Al) of SCBA to
yield secondary pozzolanic products during the pozzolanic reaction.

Figure 3.34 displays the effect of ordinary Portland cement (OPC) dosage for
PCB 1 mixtures on the acidity, pH and water contents, w%. Similar to SCBA
composition effect in Figure 3.20, the strength rose as the water contents decrease
and the pH increased. Plainly, the water content declined sharply when the OPC
contents larger. This situation can ensue due to high water consumption during the
effective cement hydration that could only be achieved when the amount of cement

reach optimum levels.
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Figure 3.33: Effect of Ordinary Portland Cement (OPC) dosage for all peat-cement-

bagasse ash (PCB) mixtures on the unconfined compressive strength, qu
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3.4.7 Effects of silica sand (K7) dosage

By the same optimum binder composition, test specimens were prepared at
varying K7 silica sand dosages of 0, 100, 200, 300, 400 and 500 kg/m? for the
purpose of evaluating its effect on the stabilized peat. The result in Figure 3.35
shows that there was a progressive increment of the UCS when the dosage of silica
sand of the test specimens increases. This suggests that well graded silica sand had a
positive effect on the development of the UCS in such a way that it increased the
density and reduced the void of the test specimens. Because silica sand is chemically
inert, it did not take part in the cement hydration process. However, it provided solid
particles for the binder to bind and form a load bearing stabilized soil. The particle of
the sand is strong and it shape almost spherical and uniform that make it almost no
internal voids. For PCB1-20 and PCB3-10 mixture, inclusion of a minimum OPC
dosage of 300 kg/m®and K7 dosage of 500 kg/m?® along with curing under 20 kPa
pressure is recommendable for the peat stabilization to be effective. However for
PCB2-5 mixture, it suggested to use more OPC and K7 dosage or alternatively
increase the preloading during curing to 40 kPa in order to achieve minimum

strength target.
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and water contents, w%

Figure 3.36 displays the effect of silica sand (K7) dosage for PCB 1 mixtures
on the acidity, pH and water contents, w%. Visibly, the water contents percentage
were observed fell rapidly from 170% to 84% between 0 and 500 kg/m?® of K7. This
sharp decline is due to the nature of the K7 which fulfill the void spaces between
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grains of soil, thus making the sample becomes more solid and strong. Contrary to
previous findings, the pH results show the slight decrements as the strength
augmented. This finding makes an agreement with Tremblay et al. [46] which
mentioned that pore solution more than 9 not always indicate great strength gain. As
explained before, since K7 is almost inert, this material is more likely contribute to
the physical strength rather than chemical effect (not involve in hydration
progression). This evidence is likely to became the causes why the pH decreased

when K7 and strength of the sample increases.

3.4.8 Effect of calcium chloride (CaCly) as OPC accelerator

Calcium chloride is a common accelerator that used to quicken the period and
the rate of strength gain especially in concrete technology. This material is well
known as economical and effective accelerating admixtures. It should meet the
requirements of ASTM D 98 [57]. Too much quantities of CaCl, in concrete mix
may result in rapid stiffening, increase in drying shrinkage and corrosion of
reinforcement. The normal range of CaCl, compositions are between 1 and 4% of
cement amounts [58-61]. Figure 3.37 describes the effect of calcium chloride (CaCl,)
dosage for all peat-cement-bagasse ash (PCB) mixtures on the unconfined
compressive strength, qu. Strength improvement was perceived with CaCl, increases.

However, the pattern of increments shows the non-uniform.

Noticeably for all PC and PCB mixtures, the strength gain significantly when
the CaClz rose from 1 to 3% and almost levelled off at 4%. According to Abrams
[59], for concrete cured in a moist room, he found the optimum dosage to be 2% to
4%. In addition he concluded that no advantage was gained by using dosages higher
than 3%. The study done by Price [62] prove that concrete with dosages up to 3% of
CaClz improved compressive strength at all ages up to a year. Besides, he also
concluded that there was little advantage in using more than 3% CaCl> because the
tests showed very little strength increase when the dosage was increased from 2% to
3%. These discoveries become the reasons why 3% of CaCl,was used in all samples
for experimental laboratory works in this research study. Figure 3.38 illustrates the
effect of calcium chloride (CaCl2) dosage for PCB 1 mixtures on the acidity, pH and
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water contents, w%. Undoubtedly, the strength shows the gradual improvement with

increment of pH together with water contents reduction.

EPC EPCB1-20 ®mPCB2-5 ®mPCB3-10
410

360 - UCSmin. target

Unconfined Compressive Strength, q,,
(KN/m?)

CaCl, %

Figure 3.37: Effect of calcium chloride (CaCl.) dosage for all peat-cement-bagasse
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3.5 Summary

As summary, this chapter presents the approach method to clarifying
effectiveness the three types of sugarcane bagasse ash (SCBA) utilization on peat
strength. The unconfined compressive strength (UCS) tests were conducted at all
samples with the aim to elucidate the stabilized peat strength improvement. The new
simple method for preloading during curing was executed by using controlled air
pressure instead of iron rod in conventional method. The main target of this chapter
is to determine the optimum SCBA inclusion as partial replacement of cement. The
best mixtures from eac h SCBA then chosen and use in further UCS test which is

stresses on various effect factor in peat stabilization.

It was found that stabilized peat comprising 20%, 5% and 10% (PCB1-20,
PCB2-5 and PCB3-10) partial replacement of OPC with SCBA 1, SCBA 2 and
SCBA 3 attain the maximum unconfined compressive strength (UCS) and discovered
greater than untreated soil (P) and peat-cement (PC) specimen. Generally, it observed
that higher the pH seems gave better strength to specimens while water content looks
like rely on rate of hydration by vary OPC composition. Moreover, the proposed
calculation to predict deformation modulus of Peat-Cement-Bagasse (PCB) mixtures
based on two-phase mixtures model was introduced and developed. The main benefit
of this proposed model is the ability to determine the optimum PCB mixture which
depends on the physical and chemical effects of SCBA. It was observed that the
proposed model outcomes demonstrate a well agreement with the experimental
results. At the optimal mix design, the UCS of the stabilized peat specimens
increased with increasing of curing time, OPC dosage, K7 dosage and preloading.
For PCB1-20 and PCB3-10 mixture, inclusion of a minimum OPC dosage of 300
kg/m® and K7 dosage of 500 kg/m® along with curing under 20 kPa pressure is
recommendable for the peat stabilization to be effective. However for PCB2-5
mixture, it suggested to use more OPC and K7 dosage or alternatively increase the

preloading during curing to 40 kPa in order to achieve minimum strength target.
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CHAPTER 4

VERIFICATION OF PEAT STRENGTH
IMPROVEMENT VIA MICROSTRUCTURE AND
CHEMICAL COMPOSITION ASSESSMENT

4.1 Introduction

This chapter discusses the strength improvement mechanism of stabilized
peat by focusing on the microstructure and chemical composition enhancement. The
main objective in this chapter is to verify the results obtained from previous chapter.

The flowcharts of this chapter implementation can be illustrated in Figure 4.1.

A scanning electron microscope (SEM) is a type of electron microscope that
creates images of a sample by scanning it with a focused beam of electrons. The
electrons act together with atoms in the sample, generating many signals that can be
detected and that contain information about the sample's surface topography and
composition. The electron beam is generally scanned in a raster scan pattern, and the

beam's position is combined with the detected signal to produce an image [1].

Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used
for the elemental analysis or chemical characterization of a sample. It relies on an
interaction of some source of X-ray excitation and a sample. Its characterization
capabilities are due in large part to the fundamental principle that each element has a

unique atomic structure allowing unique set of peaks on its X-ray emission spectrum

2].
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A A

Scanning Electron Microscope Energy-dispersive X-ray spectroscopy
(SEM) (EDX)
\ \
A 4 A
Materials: Mechanism of stabilized peat strength
e Untreated peat gained on:
e OPC o Effect of SCBA proportions and
* Sand optimum PCB mixtures
e SCBAL 2and3 e Effect of OPC dosage
o Effect of K7 dosage
o Effect of preloading during curing
o Effect of CaCl,

Figure 4.1: Execution planning of Chapter 4

4.2 Methodology

In this study, the SEM test was conducted by using the instruments brands of
Shimadzu, Japan (Model: SS-550) as displayed in Figure 4.2. The main
specifications of this device were listed in the Table 4.1. This apparatus not only can
produce an image but chemical compositions as well. The SS-550 was attached
together with Energy-dispersive X-ray (EDX) system namely Genesis2000 that able

to generate chemical elements analysis of studied sample.

Figure 4.2: SEM superscan (SS-550) apparatus
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Table 4.1: Main specification of SEM550 apparatus

Main specification of SEM-SS550

Resolution 3.5nm

Magnification x 20 ~ x 300,000
Accelerating voltage 0.5~30kV 10V step
Maximum specimen size 125 mmf

Firstly, an air dried broken sample that cured for 7 days in the water were
prepared and placed on the double sided tape that affixed over the aluminum stub as
shown in Figure 4.3. After that, samples were positioned in coater apparatus (JFC-
1600 manufactured by JEOL Corporation) for platinum coating that providing
conductivity between the samples and SS-550 apparatus. The coating time was set to
auto with a specific electric current. Next, sample was placed in the specimen
chamber and then SEM and EDX analysis conducted (Figure 4.4). Micrograph of
SEM analysis was taken at a magnificent of 1000 for all samples for the purpose of
uniformity. Afterwards the EDX test analyses were performed with the intention of
obtaining the chemical elements amounts in each sample. The EDX outputs were
measured as the average of three measurements of the same area. Other than that,
EDX test results also able to provide a plot of X-ray counts (intensity) versus Energy
(Ke-V). This plot is important to show the spectrum of chemical compositions in the
tested samples and revealed the improvement evidence of all sample mixtures if
compared to untreated samples. The changes were studied to further validate the
results obtained from the tests discussed in the previous chapter.

Figure 4.3: Examples of prepared sample for SEM and EDX test
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Figure 4.4: Coating apparatus and specimen chamber of SS-550

4.3 Results and discussions

4.3.1 Materials

Scanning Electron Microscopy (SEM)

Figure 4.5 portrays the results of SEM test on untreated peat and materials
used in this study. It has been observed that the untreated peat (Figure 4.5a) consists
of coarse organic particles and fibers in a loose condition. They were organized
arbitrarily without significant microstructural orientation. The organic coarse
particles were typically hollow and spongy. Due to spongy nature of organic coarse
particles, untreated peat is highly compressible and has a high water holding capacity
when fully saturated [3]. The OPC image was observed exposes the box and stone-
shaped particles in Figure 4.5b. Most particles of OPC will be composed of some
calcium rich phases which generally extremely fine grained and often occur without
distinct grain boundaries. Figure 4.5¢ shows the silica sand (K7) microscopy results.
Since the main component of silica sand is quartz, the surface of this material looks

very hard and flat with very little cleavage.

When seen by SEM on the SCBA samples (Figure 4.5d, e and f), the presence
of coarse and porous particles are detected and these are typical materials present in
SCBA. Generally, prismatic, angular, spherical and fibrous particles are shown on
the SCBA morphologies. The size of these particles differs noticeably between the
types of ashes. The particle sizes increase in the following order: SCBA 1 < SCBA 3
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< SCBA 2. The SCBA 2 shows the morphology with large voids and high coarse
particles content; while SCBA 1 demonstrate the finest particles together with small
pores. The SCBA 2 also comprises a large quantity of long cylindrical porous plates
of sugarcane bagasse that not burnt. Since SCBA 3 is combination of SCBA 1 and
SCBA 2 materials, therefore its produce the intermediate particle size between the
used ashes. These images finding are similar to previous researcher that focus on
SCBA materials [4-9].

»
>
AN Moy i '”""“ )

150 W, X 1000

Figure 4.5: Scanning Electron Microscopy (SEM) results on materials used: a)
Untreated peat, b) Silica sand, c) Ordinary Portland Cement, d) Sugarcane Bagasse
Ash 1, e) Sugarcane Bagasse Ash 2, f) Sugarcane Bagasse Ash 3
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Energy-dispersive X-ray spectroscopy (EDX)

Table 4.2 demonstrates the average percentages of oxide compounds of the
materials and peat. It is obvious that the peat has a very low content of pozzolanic
minerals with 4.64% SiOz, 3.09% AlO3 and 2.07% Fe20s. In this study, OPC is
predominantly characterized by 65.21% CaO, 21.55% SiO», 3.82% Al.Oz and 1.28
Fe20s. Based on a review, OPC is primarily characterized by quicklime (Ca0), silica
(SiO2), alumina (Al203) and iron oxide (Fe2O3) [10]. These findings agree with the
typical constituents of Portland cement released by Cement Chemists Notation
(CCN) [11]. With a content of 70.18% SiO and 19.3% Al.Og, it can be affirmed that
quartz and alumina are the major mineral in the K7 silica sand. For SCBA 1, SCBA
2 and SCBA 3, it was found that the summation of the crucial pozzolanic oxide
compounds (SiO2, Al,Oz and Fe»0z3) is 71.64%, 74.42% and 67.75% of the total
oxide compounds respectively. These results indicate the potential of SCBA as a
pozzolan since the amount of such oxide compounds approximately 70% as
recommended by ASTM C 618 Standard.

Table 4.2: Energy Dispersive X-ray (EDX) test results of untreated peat and

materials
Oxide Untreated Sand
Compound, %  peat OPC (K7) SCBA1 SCBA 2 SCBA3
CO, 86.14 - - - - -
CaO, 1.10 65.21 0.65 7.70 2.53 5.40
SiO, 4.64 2155 70.18 57.38 70.53 55.07
Al,O, 3.09 3.82 1930 10.19 1.65 8.36
Fe,03 2.07 128 0.17  4.07 2.24 4.32
Na,O 0.76 151 0.00 1.71 0.51 0.73
MgO 0.95 1.97 042 1.23 1.22 2.02
P,O5 0.27 087 729 433 7.62 6.36
SO; 0.54 1.68 0.67 1.47 0.15 2.42
K,0 0.45 1.29 053 1098 1274 14.38
TiO, 0.00 082 078 0.93 0.82 0.91
Total 100.0 100.0 100.0 100.0 100.0 100.0
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4.3.2 Untreated peat versus stabilized peat

Scanning Electron Microscopy (SEM) and Energy-dispersive X-ray spectroscopy
(EDX)

Figure 4.6 depicts the results of SEM and EDX test on untreated Hokkaido
peat samples in this study. For SEM results of untreated peat in Figure 4.6a, it was
given detail explanation in subchapter 4.3.1 (Figure 4.5a). Figure 4.6b illustrates the
outcomes of EDX test in term of chemical elements intensity (scatter plot) and
percentages (small tables). The strength (UCS) of sample that obtained from Chapter
3 was also included in this table for comparison purpose. The chemical elements
percentages were attains by taking an average EDX outcomes of chemical compound
proportions readings as shown in Table 4.3. These results take into account only the
essential elements i.e. carbon (C), calcium (Ca), silica (Si), alumina (Si) and iron
(Fe). It is clear that untreated peat mainly comprises a high peak of carbon (C) and
oxide (O) that given an evident of the presence of two primary elements of organic
matter. It is about 86% of untreated peat are contain these two chemical compounds.
This figure also discovered that the peat has a very low content of pozzolanic
minerals (SiO2+ Al,O3 +Fe203) with 9.8% in total. This results can become the
reason why cement stabilized peat had a low potential to generate secondary
hydration that mainly contributed by mentioned pozzolanic minerals.

P EDX results
Untreared

peat. P

58.39
27.74
1.10
4.04
3.09
207
S]13.36

adlafelz|@lo|a

—

(o]

Lﬂ Al SHi Ca
s ey ey

1.00 2.00 3.00 4.00 5.00
Energy, ke-V

Figure 4.6: Test results of untreated peat, P on SEM (a) and EDX (b)
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Table 4.3: Summary of EDX test results of untreated and stabilized peat on the

percentage of crucial chemical elements

Sample Point C (@] Ca Si Al Fe
1 56.59 31.81 1.17 4.08 2.59 1.34
2 59.15 26.41 1.15 4.94 291 2.39

3 59.44 25.01 0.97 4.89 3.77 2.48
Avg 58.39 27.74 1.10 4.64 3.09 2.07
Std. dev.  1.28 2.93 0.09 0.39 0.50 0.52
Std. err. 0.91 2.07 0.06 0.28 0.35 0.37

P (Untreated peat)

1 11.70 33.65 24.98 17.07 4.52 1.97

2 10.40 33.72 33.77 11.39 3.19 3.35

3 11.06 30.98 34.07 10.36 3.95 3.05

PC (C100) Avg 11.05 32.78 30.94 12.94 3.89 2.79
Std. dev.  0.53 1.28 4.22 2.95 0.54 0.59

Std. err. 0.31 0.74 2.43 1.70 0.31 0.34

1 5.97 29.17 35.98 10.43 3.92 3.40

2 7.90 29.63 34.26 9.54 3.55 4.64

(zg(?é;)())- 3 6.44 30.86 34.86 10.16 3.73 2.73
ootimum Avg 6.77 29.89 35.03 10.04 3.73 3.59

P Std. dev.  0.82 0.71 0.71 0.37 0.15 0.79

Std. err. 0.47 0.41 0.41 0.22 0.09 0.46

SCBAL 1 25.26 29.92 18.45 12.44 2.21 2.90
2 25.38 34.10 20.20 11.84 1.97 0.00

PCB1-30 3 27.15 30.13 19.33 11.70 1.81 1.86

(C70B30)  Avg 25.93 31.38 19.33 11.99 2.00 1.59
Std. dev.  0.86 1.92 0.71 0.32 0.16 1.20
Std. err. 0.50 1.11 0.41 0.19 0.09 0.69

1 10.08  28.64  31.99 1409 401 3.94
PCR2S 2 11.13 3003  30.93 1378 361 2.62
SCBA2 (COBES)- 3 1090  28.90  32.94 1378  3.95 2.56
optimum —Avd 1070 2019 3195 1388 386 3.04
Std. dev.  0.45 0.60 0.82 0.15 0.18 0.64
Std.err.  0.26 0.35 0.47 0.08 0.10 0.37
1 847  27.74 3483  13.99  3.16 2.77
2 749 2725 3475 1416  3.62 2.78
PCB3-10
SCBA3 (CO0B10) —3 536 2647 3593 1546  3.84 1.52
; Avg 711 2715 3517 1454 354 2.36
optimum

Std. dev.  1.30 0.52 0.54 0.66 0.28 0.59
Std. err. 0.75 0.30 0.31 0.38 0.16 0.34

Figure 4.7 illustrates the assessment outcomes of stabilized peat of peat-
cement (PC) and peat-cement-bagasse ash 1 mixture (PCB1) on the SEM and EDX
test. Obvious change had apparent and occurred when comparing the SEM results of
PC, PCB 1-20 and PCB 1-30 (Figure 4.7a, b, ¢) with the untreated peat (Figure 4.6a).
Minor void spaces can be detected in the micrographs of all stabilized peats mixtures.
However, compared to PC and PCB1-30 mixtures, a PCB1-20 mixture gave the
significant pore improvement that can be perceived in the photomicrograph of the

stabilized peat. Figure 4.7a (PC mixture), is clearly shows the noticeable gel plume
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of hydrated cement-soil by means of results from the reaction of cement and water as
described in chapter 3. When SCBA was included as much as 30% replacement of
OPC (Figure 4.7c @ PCB1-30), SEM images shows the worst packing structures
among other stabilized mixtures. It can be witnessed that the gel clots was reduced
(cement-soil hydration decrease) while coarse particles that probably contribute by
abandoned SCBA inclusion is greatly observed. As conclusion, it can be stated that
the stabilized soil is characterized by a well cemented soil medium with very small

pore spaces within it as a result of the pozzolanic activity of SCBA.

By comparing to EDX outcomes from untreated peat in Figure 4.6b, it is
discovered that lower carbon (C) and higher calcium (Ca) chemical elements
fractions shows the better results of strength for all stabilized peat (Figure 4.7d, e, ).
The essential pozzolanic oxide compounds (silica-Si, alumina-Al and iron-Fe)
display the high values for all stabilized peat are almost certainly because of SCBA
and K7 presence in the mixtures. For EDX findings of optimum mixtures (PCB1-20
@ Figure 4.7e), it was clearly shown the highest intensity (peak) of the elements of
Ca, Si, Al and O if compared to other stabilized peat. It is important to note that the
four elements are essential for the formation of CSH and CASH crystals, which are
the main cementation products of the stabilized soil [12; 13]. Obvious decrement of
carbon elements percentage was observed after Hokkaido peat was stabilized. For
instance, by comparing P mixtures with optimum mixtures (PCB1-20), the carbon
elements fell dramatically from 58% to 7%. This finding proves that neutralization of
organic matter in peat by peat-cement-bagasse ash combinations are going very well.
Based on same comparison above, calcium constituent proportion shows significant
increment from 1% to 35%. The high Ca concentration in the stabilized peat
specimens confirms that a large number of calcium ions were produced from the
rapid cement hydration process. This promoted alkaline condition, in which more
silica and alumina became soluble in the soil-cement admixture. This enabled
secondary pozzolanic reaction to take place, of which additional cementation bonds
of mainly secondary calcium silicate hydrates were developed [3]. At mix binder
PCB1-30 (Figure 4.7f), carbon and main pozzolanic minerals (silica and alumina)
demonstrates the increment intensity while the calcium was declining. This finding

becomes evidence why the SEM of PCB1-30 shows the large void images and more
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coarse particles were detected. This is due to the limited formation of primary
cementation products to bind the soil because the soil organic matter tends to retain
the calcium ions produced from cement hydrolysis, resulting in a limited amount of
calcium hydroxide (CH) that could react with silica and alumina of SCBA to yield

secondary pozzolanic products during the pozzolanic reaction.
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Figure 4.7: Test results of stabilized peat of PC and PCB1 mixtures on SEM (left



Figure 4.8 represents the assessment products of stabilized peat of PCB2-5
and PCB3-10 mixtures on the SEM and EDX test. Overall, it was noticed that the
results are having some similarity to the results shown in Figure 4.7. For example,
Figure 4.8a shows that PCB2-5 mixtures have some similar pattern of the stabilized
parts area with PC mixture where coagulated hydrated gel could be seen. It may
happen is because of cement content is replaced only at 5% by SCBA 2 in order to
obtain the optimum mixture. That is means that the OPC is still the main admixtures
in this blend and almost retain its micrograph behavior. It can be said that this
mixture was generated mostly by primary cement hydration process like mentioned
in Chapter 3 (Eqgn. 3.1 under Subtopic 3.4.2) and followed by the little pozzolanic
reaction of SCBA 2. However, PCB2-5 shows the slight denser arrangement with
fewer voids compared to PC mixture that may be attributed by SCBA 2 existence. It
also seen the clumps were developed by combination of SCBA particles and cement
gel products. This clump conversely is different with SEM results of PCB1-20
mixtures where PCB2-5 seems shows there are more coarse SCBA particles that
covered by cement products. The reactive and finer particles of SCBA 1 become the
strong reason why this could be happen. The densification in PCB3-10 (Figure 4.8b)
displays the almost same stabilized structure with PCB1-20 mixtures that perhaps
because of SCBA 1 inclusion effect. However, PCB3-10 shows more heterogeneity
arrangement together with some of coarse SCBA particles that probably contributed
by SCBA 2 in this mixtures.

It was apparent the similar amount of C, Ca, Si and Al elements between
PCB1-20 and PCB3-10. Percentage of Si and Al compounds in PCB1-20 is detected
slightly lower than PCB3-10 probably because of there are more pozzolanic reaction
occurred which involves these elements. In this reaction, Si and Al are the most vital
elements to generate additional CSH and CASH. When organic matter smoothly
counteracted from the peat, cement hydrolysis able to release more CH from primary
hydration and consequently more pozzolanic reaction is likely happened to produce
more secondary pozzolanic products. This is also become the reason why the UCS
results of these two mixture gave comparable results with 386kPa and 363kPa
respectively. However, EDX plot proves that PCB1-20 portrays higher intensity rate
of Ca, Si and Al components than PCB3-10 like shown in Figure 4.9.

103



(c) 140

PCB2-5 i EDX results
Ca PCB2-5
120 (C95B3)
c [1o70
100 o 0 |20
- Ca |3195
"E 80 Si | 1588
S al | 386
E &0 Fe | a0¢
UCs 337
40 | C Al
20
Accv Mo wr (T 0
o g
150 KV X 1000 o ; 0.00 1.00 2.00 3.00 4.00 5.00
Energy, ke-V
(d) 200 PCB3-10 EDX result
— resuits
Ca M pepino
(C30B10)
160 o) c [
o |2715
2 120 Ca |33.17
E‘ si | 1434
E Al |34
Fe | 236
80 363.08
40
0
0.00 1.00 2.00 3.00 4.00 5.00

Energy, ke-V

Figure 4.8: Test results of stabilized peat of PCB2-5 and PCB3-10 mixtures on SEM
(left side @ a and b) and EDX (right side @ c and d)
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Figure 4.9: EDX plot results of PCB1-20 and PCB3-10

104



Other possible reasons of slight difference of obtained UCS for PCB1-20 and
PCB3-10 are an effect of CaCl> and the change of particle size during mixing. Figure
4.10 portrays the effect of CaCl on the strength activity index (SAI) for all PCB at 7
days of curing. Obviously seen that when inclusion 3% of CaCl; into PCB3, the SAI
go up almost reach to similar SAI of PCBL. In contrast, SAl of PCB1 mixture was
lower at 3% of CaCl. inclusion compare to without CaCl.. This state happened
because the CaCl> amount is highly related to cement content in produce higher
strength. With higher dosage of cement, there are more hydration occurred especially
at early stage. As known, PCB3-10 mixture consists of 90% of OPC while PCB1-20
iIs made of 80% of OPC and as a result, the obtained UCS between PCB1-20 and
PCB3-10 is comparable. Figure 4.11 displays the particle size distribution of all
SCBA. As mentioned in previous chapter, SCBA 3 was prepared by mixing both
SCBA 1 and SCBA 2 equally. Logically, particle size results should show the
intermediate distribution. However, clearly that particle size of SCBA 3 becomes
similar to PCB1 especially after 10um. These results possibly due to mixer blade

effect and finally affect the results of UCS of PCB mixtures.
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Figure 4.10: Effect of calcium chloride, CaCl, on the strength activity index
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Figure 4.11: Particle size distribution of all SCBA

Table 4.4 represents the summary of EDX test results of various stabilization
factors on the PCB1-20 mixtures. As described previously in Chapter 3, among the
factors that included in this study are cement effect, preloading effect, silica sand
effect and calcium chloride effect. The optimum mixture (PCB1-20) was used as
references for the purpose of comparison valuation. For cement effect, the inclusion
of 100kg/m® or PCB1-20-C1 (Point 2) was chosen for comparison purpose to the
optimum one (Point 1). This OPC amount is the minimum dosage used in the cement
effect investigation. The UCS and EDX results of the OPC dosage effect of PCB1-20
mixtures were displayed in Figure 4.12. Perceptibly, calcium compounds dropped
when the OPC quantity was reduced from 300 kg/m? in the optimum mixture to 100
kg/m® in PCB1-20-C1 mixtures. In the same time, carbon and oxide elements were
increased which connotes there are still a lot of organic matter that not counteracted.
Moreover, the percentages of silica and alumina (contributed by K7 and SCBA) also
higher indicate that no or very little pozzolanic reaction involve in this mixture.
These occurrences happened because when insufficient cement is added, hydration
and pozzolanic reaction become lower and effective neutralization of humid acids
within the soil is not achieved. Consequently, the strength becomes smaller. As can
be seen in Figure 4.12, UCS of PCB1-20-C1 mixture shows the decrement as much

as 15 times compared to optimum mixtures and slightly higher than untreated peat.
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Table 4.4: Summary of EDX test results of various stabilization factors on the PCB1-

20 mixtures
Sample  Point C (0] Ca Si Al Fe
1 5.97 29.17 35.98 10.43 3.92 3.40
2 7.90 29.63 34.26 9.54 3.55 4.64
opt. 3 6.44 30.86 34.86 10.16 3.73 2.73
Avg 6.77 29.89 35.03 10.04 3.73 3.59
Std. dev. 0.82 0.71 0.71 0.37 0.15 0.79
Std. err. 0.47 0.41 0.41 0.22 0.09 0.46
1 14.03 40.15 4.89 22.40 8.19 0.98
2 12.49 39.61 4.22 23.63 9.01 1.31
c1 3 12.87 40.57 451 23.37 8.71 0.94
Avg 13.13 40.11 4.54 23.13 8.64 1.08
Std. dev.  0.66 0.39 0.27 0.53 0.34 0.17
Std. err. 0.38 0.23 0.16 0.31 0.20 0.10
1 18.53 44.23 12.28 18.17 2.93 0.86
2 14.70 41.23 12.50 24.12 3.57 0.91
3 14.26 41.28 12.61 23.62 4.21 0.36
PCBI1-20 L0 Avg 15.83 42.25 12.46 21.97 3.57 0.71
Std. dev. 1.92 1.40 0.14 2.69 0.52 0.25
Std. err. 1.11 0.81 0.08 1.56 0.30 0.14
1 21.30 43.22 13.66 9.12 3.30 0.98
2 20.79 42.64 13.87 9.95 3.49 1.53
KO 3 21.63 41.74 13.29 9.98 3.62 2.20
Avg 21.24 42.53 13.61 9.68 3.47 1.57
Std. dev. 0.35 0.61 0.24 0.40 0.13 0.50
Std. err. 0.20 0.35 0.14 0.23 0.08 0.29
1 18.29 36.04 19.79 10.38 3.62 2.20
2 16.42 34.75 22.10 11.38 3.99 1.95
cco 3 14.05 38.82 21.86 11.26 3.79 1.88

Avg 16.25 36.54 21.25 11.01 3.80 2.01
Std. dev.  1.73 1.70 1.04 0.45 0.15 0.14
Std. err. 1.00 0.98 0.60 0.26 0.09 0.08

Figure 4.13 to Figure 4.15 shows the UCS and EDX of preloading rate, K7
dosage and CaCl, composition effect on PCB1-20 mixtures (Point 1). All the
outcomes displays almost the same pattern which is the higher calcium together with
lower carbon mixtures will gain the greater UCS. It clearly sees in the Figure 4.13,
the calcium reduce while silica percentage rose if there is no preloading (PCB1-20-
L0O) subjected to samples. These results prove that when preloading throughout
curing process will increase the surface contact between soil particles and admixtures
during hydration course. When there is more interaction of the soil material with the
binder, there are easier and more CSH and CASH could be produced. Moreover,

Figure 4.13 revealed that preloading effect contributes the significant stabilization
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enhancement of peat and among the most important factor apart from the effect of
cement dosage.

Figure 4.14 exposed that K7 presence is crucial in order to increase the solid
particles in the original peat. In addition, K7 could be act as filler to peat that very
hollow or in the other words too much voids. This is proved by the low percentage of
silica in the mixtures without K7 (PCB1-20-KO0). This lower silica content is believed
mainly contributed by SCBA elements solely. As a result, contact point between
binder, density and void of sample decrease and consequently dropped the strength.
Since calcium chloride was used as a cement accelerator, it seems EDX results in
Figure 4.15 just affected on the calcium amount while silica and alumina shows the
equivalency to the optimum mixtures. Figure 4.16 shows the ratio of calcium to silica,
Ca/Si for all mixtures including original peat. The graph exposed that higher Ca/Si
ratio will attain better UCS and implicitly display dense matrices in SEM results. It
should be noted that the higher Ca/Si ratio indicating the greater CSH gels were
produced. It is understandable that by increasing the Ca/Si ratio, the confections
density increases and this agrees well with the EDX results [14].
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Figure 4.12: The UCS and EDX results of OPC dosage effect on PCB1-20 mixtures
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Figure 4.16: Ratio of calcium to silica for all mixtures

4.4 Summary

As summary, objectives of Chapter 4 were achieved. Verification of the
strength results gained in Chapter 3 was accomplished. The strength improvement
mechanisms of stabilized peat were observed by focusing on the microstructure and
chemical composition enhancement. The summary of the UCS and EDX results for
all mixtures were depicts in Figure 4.17 and Figure 4.18.

Overall, it can be stated that the stabilized soil is characterized by a well
cemented soil medium with tiny pore spaces within it as a result of the pozzolanic
activity of SCBA and other admixtures. The reactive and finer particles of SCBA can
be said as one of the strong reason why this could be happen. The oxide compound
percentages from EDX results clearly depict that lower carbon (C) and higher
calcium (Ca) oxide fractions shows the better results of stabilized peat strength
(UCS). The essential pozzolanic oxide compounds (SiO2 and Al>Oz) display the high
values for stabilized peat mainly because of SCBA and K7 presence. In secondary
pozzolanic reaction, Si and Al are the most vital elements to generate additional CSH
and CASH. When organic matter smoothly counteracted from the peat, cement
hydrolysis able to release more CH from primary hydration and consequently more
pozzolanic reaction is likely happened to produce more secondary pozzolanic

products.
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An optimum mixture (PCB1-20) shows the highest intensity (peak) of the
elements of Ca, Si, Al and O if compared to other stabilized peat. It is important to
note that the four elements are essential for the formation of CSH and CASH crystals.
The high Ca concentration in the stabilized peat specimens proves that a great
quantity of calcium ions were produced from the rapid cement hydration process and
eventually promoted alkaline condition. In this condition, more silica and alumina
able to involved in secondary pozzolanic reaction. This process then leads to higher
strength obtained in the mixtures. When insufficient cement is added, hydration and
pozzolanic reaction become lower and effective neutralization of humid acids within
the soil is not achieved. As results, amount of calcium hydroxide (CH) that could
react with silica and alumina of SCBA to yield secondary pozzolanic products during

the pozzolanic reaction become inadequate. Consequently, the strength becomes

smaller.
mC mO mCa W Si mAl @UCS
70 450
60 L P o 400
C 350
. 50 ® [
g 300
40 (]
g 250 g
£ %)
230 - 200
= 150
'g 20 -
100
10 + 50
0 = = = 0
P PC PCB1-20PCB1-30 PCB2-5 PCB3-10
Mixtures

Figure 4.17: Summary of the UCS and EDX results of P, PC and PCB mixtures
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CHAPTER 5

EVALUATION OF SUGARCANE BAGASSE ASH
(SCBA) QUALITY CHARACTERISTICS ON
POZZOLANIC EFFECT IN STABILIZED PEAT

5.1 Introduction

This chapter considered about the evaluation of sugarcane bagasse ash
(SCBA) quality characteristics on pozzolanic effect in stabilized peat. Pozzolans play
an important role when added to Portland cement because they usually increase the
mechanical strength and durability of concrete structures depending on its reactivity.
Higher reactivity of pozzolan has more cementitious strength value and consequently
the amount of cement reduction will be greater. The most important effects in the
cementitious paste microstructure are chemical effect and physical or filler effect [1;
2].

In recent science, regression analysis is an essential part of virtually almost
any data reduction process. Popular spreadsheet programs such as Microsoft Excel
provide comprehensive statistical program packages, which include a regression tool
among many others. Regression models analysis can be classified as the relationship
of regression function, between one dependent variable, y and several others
independent variables, xi. Regression function also includes a set of unknown
parameters, bi. If a regression function is linear in the parameters (but not necessarily
in the independent variables) we term it a linear regression model. Otherwise, the
model is called non-linear. Linear regression models with more than one independent

variable are referred to as multiple linear models, as opposed to simple linear models
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with one independent variable [3]. Multiple linear models can be expressed by

mathematical formula as shown below;

y = b,+ bx,+ b,X,+ ... bX, (5.1)

Where;

y = dependent variable (predicted by a regression model)

i = number of independent variables (number of coefficients)
xi = i"™ independent variable

bi = i coefficient corresponding to xi

bo = intercept (or constant)

The main aim of multiple linear regression analysis is to determine the best
set of parameters; bi such that the model predicts experimental values of the
dependent variable as accurately as possible (i.e. calculated values ought to be close
to experimental values). Furthermore, the model itself must be evaluated whether it
is adequate to fit the observed experimental data and required to check whether all

terms in model are significant.

52  Methodology

Pozzolanic effect of SCBA was determined from the UCS of curing effect
results by making a peat-cement (PC) mixture as a reference. As stated in Chapter 3
and Chapter 4, the main different between SCBA 1 and 2 characteristics are their
particle sizes and chemical composition. The SCBA 1 was recorded the finer
particles and higher ratio of calcium to silica (Ca/Si) composition if compared to
SCBA 2. Janz and Johansson [4] point out that the Ca/Si ratio, which stands for
relative abundance of CaO and SiO, is the sign of the potential for pozzolanic
reactions and those binders with larger Ca/Si ratios are likely to be more effective
stabilizers. This important characteristic also had been studied by Tastan et al. [5] on
organic soil stabilization by using fly ash. Therefore, it is important to estimate the

effect of these characteristics on the strength of- stabilized peat by using SCBA.
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In order to achieve this goal, all the average unconfined strength, qu results
were collected for carrying out a statistical analysis. Important factors that include in
this analysis are SCBA replacement percentage, SCBA average particle sizes (Dso),
curing durations (D), cement dosage (C), silica sand dosage (S) and preloading
during curing (P). Each of these variables was included in a multiple linear
regression analysis to find an equation that can be used to predict the qu of peat-
cement-bagasse ash (PCB) mixtures. For the final results, the simple formula and
graphs were developed with the aim of strength prediction. This prediction model
will emphasize the chemical and physical characteristic of SCBA for achieving the
minimum target of strength. The flowcharts of this chapter implementation can be
illustrated in Figure 5.1.

CHAPTER 5: Evaluation of
Sugarcane Bagasse Ash (SCBA)
Quality Characteristics on
Pozzolanic Effect in Stabilized Peat

y
Assessment the
amount of pozzolanic
involved in mixtures

4

Recommended
Estimation of UCS - minimum amount of
base on SCBA physical & -« admixtures (from Chapter 3)
chemical characteristics & chemical compositions
results (from Chapter4)

y
The quality of SCBA
characteristics were
recommended (Dsy & Ca/Si)

Figure 5.1: Execution planning of Chapter 5
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5.3 Results and discussions

5.3.1 Performance/amount of pozzolanic effect (physical and chemical effect) on

stabilized peat

Figure 5.2 indicates the effect of curing durations on the strength activity
index (SAI) of the samples. This graph illustrates the amount of pozzolanic effect on
all optimum PCB. The strength activity index was calculated by follow the
procedures that provided in ASTM-C311 [6]. The dotted line with PC sign is the
references line (PC control mixtures) which used to compare the strength activity
index among the tested specimens. At 7 days curing time, it was visibly shows the
highest strength activity index and all optimum PCB mixtures were observed exceed
the PC line. One of the probable reasons this condition could be happened is because
the strength activity index of optimum PCB mixtures due to filler effect is higher
than due to pozzolanic reaction at early curing days. This findings was coincides to
the obtained results of Tangpagasit et al. [7] that concludes that the packing effect of
fly ash mortar is higher than the pozzolanic reaction at initial ages. Similarly, Isaia et
al. [1] state that physical or filler effect increased more than the pozolanic reaction
when the results for the same strength values are compared. Micro-filler effect is at

least equally important or even more significant than the pozzolanic effect [8; 9].

Pozzolanic reactions are highly related to released calcium hydroxide
(CaOHy) or lime that depends on the amount of cement hydration. At early ages only
a small amount of cement has hydrated and thus the amount of released CaOH>
becomes low and limited. Consequent to this situation, pozzolanic reaction also is
small at early curing times and the pozzolan particles that are not completely reacted
may fill the voids and increase mixtures density [2; 10]. At this moment, filler or
packing effect of SCBA take part as the significant contributor of samples
compressive strength. Filler effect is an appropriate arrangement of small particles
which block the voids and contribute to the increment of compressive strength
without any chemical reaction [1; 7; 9]. However, it also become possible that the
higher strength gained at early age is because the great combination of SCBA

physical and chemical effect. Inclusion of CaCl, is well known could create high
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cement hydration at early time. Therefore, along with filler effect that mentioned
above, the strength of the sample that curing under 20 kPa pressure at 7 days

recorded the greatest value.

Conversely, between 7 and 28 days of curing periods, the highest strength
activity index demonstrates the slight declination and levelled off. Just after 28 days
of curing durations onwards, these strength activity index back to increase minimally.
This could be occurred by the reason of the fact that cement hydration (PC mixtures)
is normally rapid and effective at first month but almost stop or complete after that
duration while pozzolan reaction can be occurred continuously until several month or
even years [11-13]. The overall results of Figure 5.2 were also exposed that the finer
SCBA (SCBA 1) particles provide higher compressive strength if compared to coarse
SCBA (SCBA 2 and SCBA 3). The physical action of the pozzolans provides a
denser, more homogeneous and uniform paste that may reduce the wall effect in the
transition zone between the paste and the soil particles. This weaker zone is
strengthened due to the higher bond between these two phases, improving the PCB
mixtures microstructures and properties [8; 9; 14; 15].

In Figure 5.3, the comparative study analysis between an effect of silica sand,
K7 and the strength activity index was illustrated. This comparison comprises of all
optimum mixture of PCB (with 500kg/m3 K7) and the mixtures that without any K7.
The main purpose of this figure is to determine an effect of pozzolan reaction
produced by SCBA. Since the K7 or silica sand is almost inert (non-reactive
materials) which not involve in any chemical reactions, hence the pozzolanic
reaction amount might be attain by calculating the differences of strength activity
index between the mixtures with and without K7. Obviously from the mixtures
without K7 for PCB1-20, the pozzolanic reaction of SCBA seems gave the
significant improvement (contribute about 18% of strength activity index) while on
the other hand K7 effect only contribute approximately 5% of strength activity index
for the same SCBA. The amount of these reactions were evaluate by subtract the
strength activity index of mixtures without K7 to PC mixtures and the optimum
mixtures. A PCB3-10 mixture similarly shows that pozzolanic effect of SCBA is
better than K7 influence. In contrast, PCB2-5 demonstrates that SCBA 2 (low quality
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SCBA) pozzolanic effect was insufficient and not recommended to use in the PCB
mixtures considering its strength activity index is lesser than PC mixtures. Inclusion

of K7 shows the better improvement of strength for PCB2-5.
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Figure 5.3: Effect of silica sand, K7 on the strength activity index

5.3.2 Estimation of the strength (qu) that focusing on the physical and chemical
effect of SCBA

Table 5.1 represents the collected results for multiple regression analysis of peat
stabilization by SCBA focusing on median particle size and Ca/Si ratio effects. Each

UCS average results were obtained from 3 or at least 2 tested samples. The data
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comprises all the compressive strength of various factors for the PC, PCB1 and
PCB2 mixtures. The PCB 1 and PCB 2 blends were represents the good and low
quality of SCBA respectively. This analysis will be emphasis on the physical and
chemical effect of SCBA. For the physical effect, median particle size Dsg was
chosen as the indicator parameter. On the other hand, Ca/Si ratio had been used in
order to determine the SCBA quality in term of chemical effect.

The important factors of peat stabilization that include in this statistical
analysis were SCBA replacement percentage (B), SCBA average particle sizes (Dso),
curing durations (D), cement dosage (C), silica sand dosage (S) and preloading
during curing (P). Each of these variables was included in a linear regression analysis
to find an equation that can be used to predict the compressive strength, qu of PCB
mixtures. The median particle size of SCBA 1 and SCBA 2 are 0.018mm and
0.26mm respectively while their Ca/Si ratios are 0.134 and 0.036. The results of peat

stabilization effect factors were taken and accumulate from the Chapter 3.

Table 5.2 displays the correlation coefficients between UCS and various
factor of peat stabilization by SCBA focusing on median particle size and Ca/Si ratio
effects. Basically, correlation can express something about the relationship between
variables. It is used to understand whether the relationship is positive or negative and
the strength of relationship. Correlation is a powerful tool that provides these vital
pieces of information. Statistical correlation is measured by what is called coefficient
of correlation (r). Its numerical value ranges from +1.0 to -1.0. It gives us an
indication of the strength of relationship. In general, r > 0 indicates positive
relationship, r < 0 indicates negative relationship while r = 0 indicates no relationship
(or that the variables are independent and not related). Here r = +1.0 describes a
perfect positive correlation and r = -1.0 describes a perfect negative correlation.
Closer the coefficients are to +1.0 and -1.0, greater is the strength of the relationship
between the variables. As a rule of thumb, the statistical correlation guidelines on

strength of relationship in Table 5.3 are often useful [16].
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Table 5.1: Collected results for multiple regression analysis of peat stabilization by
SCBA focusing on median particle size and Ca/Si ratio effects

Unit kPa % mm Days kg/m® kg/m® kN/m?
Symbol qu B Dy, CaO,/sio, D C S P
UCS.yq SCBA Ds, Ca/si Curing OPC dosage K7 dosage Preloading
PC 316 0 0 0 7 300 500 20
324 5 0.018 0.134 7 285 500 20
341 10 0.018 0.134 7 270 500 20
B effect
373 15 0.018 0.134 7 255 500 20
387 20 0.018 0.134 7 240 500 20
387 20 0.018 0.134 7 240 500 20
431 20 0.018 0.134 14 240 500 20
D effect 473 20 0.018 0.134 21 240 500 20
500 20 0.018 0.134 28 240 500 20
530 20 0.018 0.134 60 240 500 20
25 20 0.018 0.134 7 80 500 20
81 20 0.018 0.134 7 120 500 20
— C effect 118 20 0.018 0.134 7 160 500 20
é 171 20 0.018 0.134 7 200 500 20
O 387 20 0.018 0.134 7 240 500 20
v 201 20 0.018 0.134 7 240 0 20
225 20 0.018 0.134 7 240 100 20
S effect 262 20 0.018 0.134 7 240 200 20
297 20 0.018 0.134 7 240 300 20
325 20 0.018 0.134 7 240 400 20
387 20 0.018 0.134 7 240 500 20
218 20 0.018 0.134 7 240 500 0
387 20 0.018 0.134 7 240 500 20
P effect 427 20 0.018 0.134 7 240 500 40
473 20 0.018 0.134 7 240 500 60
556 20 0.018 0.134 7 240 500 80
616 20 0.018 0.134 7 240 500 100
322 5 0.260 0.036 7 285 500 20
257 10 0.260 0.036 7 270 500 20
B effect
231 15 0.260 0.036 7 255 500 20
223 20 0.260 0.036 7 240 500 20
322 5 0.260 0.036 7 285 500 20
333 5 0.260 0.036 14 285 500 20
D effect 365 5 0.260 0.036 21 285 500 20
386 5 0.260 0.036 28 285 500 20
409 5 0.260 0.036 60 285 500 20
19 5 0.260 0.036 7 80 500 20
72 5 0.260 0.036 7 120 500 20
o~ C effect 104 5 0.260 0.036 7 160 500 20
< 138 5 0.260 0.036 7 200 500 20
8 322 5 0.260 0.036 7 240 500 20
w 158 5 0.260 0.036 7 285 0 20
177 5 0.260 0.036 7 285 100 20
206 5 0.260 0.036 7 285 200 20
S effect
234 5 0.260 0.036 7 285 300 20
273 5 0.260 0.036 7 285 400 20
322 5 0.260 0.036 7 285 500 20
197 5 0.260 0.036 7 285 500 0
322 5 0.260 0.036 7 285 500 20
368 5 0.260 0.036 7 285 500 40
P effect
412 5 0.260 0.036 7 285 500 60
445 5 0.260 0.036 7 285 500 80
476 5 0.260 0.036 7 285 500 100
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Table 5.2: Correlation between UCS and various factor of peat stabilization by
SCBA focusing on median particle size and Ca/Si ratio effects

UCS.yg SCBA Dso Ca/Si Curing OPC dosage K7 dosage Preloading
UCS,q 1.00
SCBA 0.20 1.00
Dso -0.25 -0.81 1.00

CalSi 0.25 0.88 -0.93 1.00
Curing 0.35 0.01 0.01 0.01 1.00

OPC dosage 0.55 -0.36 0.26 -0.31 0.12 1.00

K7 dosage 0.29 -0.01 -0.01 -0.01 0.14 -0.16 1.00
Preloading 0.54 0.01 0.01 0.01 -0.11 0.12 0.14 1.00

Referring to Table 5.3, an effect of OPC dosage and preloading shows the
strong relationship to UCS gained which both of this effect factors are more than 0.5.
With 0.35, curing effect can be grouped as moderate relationship to UCS expanded.
Replacement of SCBA percentage into peat-cement mixtures shows the lowest
reading of relationship with only 0.2 and categorized as weak correlations. Although
this value is small, it is still should be included in this analysis since the replacement
of SCBA percentage inextricably linked with cement dosage which mentioned
previously had very high correlation to better PCB mixture strength. Nonetheless,
SCBA crucial characteristics shows the better potential in UCS increments which
mean particle sizes, Dso and Ca/Si ratio share the same values of 0.25. Negative signs
in Dso anticipate that finer particles of SCBA could improve mixtures strength. The
table also revealed that SCBA is highly depending to these two vital characteristics at
approximately 80% to 90% of correlations (3™ column). Nevertheless, coefficient of
correlation or ‘r’ should not be used to say anything about cause and effect
relationship. Put differently, by examining the value of 'r', we could conclude that
variables x and y are related. However the same value of 'r' does not tell us if x
influences y or the other way round. Statistical correlation should not be the primary

tool used to study causation, because of the problem with third variables [16].
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Table 5.3: Statistical correlation guidelines on strength of relationship

Sources: [16]

Strength of

Value of r relationship
-1'10, gc;(;%ior Strong
0 _5 ?Eotc;%-?é " Moderate
0 ,5 1“3[(;%.13 or Weak
011001 None or very

weak

In order to verify the model accuracy, two main criteria must be calculated
and checked in this analysis. The first one is regression statistic and the second, an
analysis of the variance (ANOVA). Table 5.4 shows the regression statistics of
median particle size, Dso (physical effect) and Ca/Si ratio on pozzolanic physical
effects analysis. The multiple correlations coefficient, R is around 0.95. This
indicates that the correlation among the independent and dependent variables is
positive. This statistic, which ranges from -1 to +1, does not indicate statistical
significance of this correlation. The coefficient of determination, R? and adjusted R
square value indicates the wellness of the independent variable estimation. The
closer R? is to one, the better the model describes the data [3; 17]. In the case of a
perfect fit R?=1. In this case, it point out about 90% of the observed UCS can be
predicted using this model for both vital characteristics of SCBA. The adjusted R?is
preferable value that is commonly used in simple linear regression. It adjusts the R?
value to consider both the sample size and the number of predictors [17]. Strictly
speaking adjusted R? should be used as an indicator of an adequacy of the model,
since it takes in to account not only deviations, but also numbers of degrees of
freedom. Standard error is an estimate of the deviation of experimental values of the
dependent variable y with respect to those predicted by the regression model. It is
used in statistics for different purposes [3]. There were 53 observations for both
regression statistics.
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Table 5.4: Regression statistics of median particle size, Dso (left) and Ca/Si ratio
(right) on pozzolanic effects analysis

Regression Statistics Regression Statistics
Multiple R 0.94 Multiple R 0.95
R Square 0.89 R Square 0.89
Adjusted R Square 0.88 Adjusted R Square 0.88
Standard Error 47.68 Standard Error 46.80
Observations 53 Observations 53

Table 5.5 and Table 5.6 represents the ANOVA of median particle size, Dso
and Ca/Si ratio on pozzolanic physical effects analysis respectively. The signs df, SS,
MS, F and significance F (Pr)denotes the degrees of freedom, sum of squares, mean
square (variance), test of significance and F-numbers. In study case, Pr= 1.91E-20
and 8.19E-20, the approximate corresponding level of confidence 1 - Pr = 0.999.
Therefore with the confidence near to 100%, it can be said that at least one of
coefficients by and by is significant for the model illustrated in Egn. 5.1.This proved
there was a significant relationship among independent variables and the dependent
variable. A coefficient in ANOVA output represents the bi coefficients from the Eqn.
5.1. The t-Stat is the ratio of the predictors’ coefficient to the standard error. The P
value is the probability that the null hypothesis is correct. If the corresponding P
value for each independent variable is less than an arbitrary value of 0.05, the null
hypothesis is rejected. In this series of analyses, the null hypothesis was defined as
the absence of a significant relationship between the independent variable and
dependent variable [17]. In this analysis, all the predictors had a P value of <0.05;

hence, prove that all of the predictors could affected the response.
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Table 5.5: Analysis of variance (ANOVA) on pozzolanic physical effects analysis

df SS MS F Significance F
Regression 6 851079.54 141846.59 62.39 1.91E-20
Residual 46 104586.27 2273.61
Total 52 955665.81

Coefficients Standard Error t Stat P-value  Lower 95% Upper 95%

Intercept -371.43 58.32 -6.37 8.10E-08 -488.83 -254.03
SCBA 4.32 1.58 2.74 8.67E-03 1.15 7.49
D50 -257.64 91.77 -2.81 7.30E-03 -442.37 -72.92
Curing days 3.42 0.62 5.48 1.71E-06 2.16 4.67
OPC dosage 1.70 0.14 11.83 1.48E-15 1.41 1.99
K7 dosage 0.30 0.05 5.69 8.39E-07 0.19 0.40
Preloading 2.97 0.33 8.98 1.11E-11 2.31 3.64

Table 5.6: Analysis of variance (ANOVA) on pozzolanic chemical effects analysis

df SS MS F Significance F

Regression 6 854907.38 142484.56 65.05 8.19E-21
Residual 46 100758.43 2190.40
Total 52 955665.81

Coefficientsandard Errc  t Stat P-value Lower 95%  Upper 95%
Intercept -466.30 48.39 -9.64 1.30E-12 -563.70 -368.89
SCBA 2.64 1.90 1.39 1.71E-02 -1.18 6.46
Ca/Si 863.36 274.00 3.15 2.86E-03 311.83 1414.89
Curing days 3.33 0.61 5.44 1.95E-06 2.10 4.56
OPC dosage 1.73 0.14 12.29 3.94E-16 1.44 2.01
K7 dosage 0.30 0.05 5.99 3.02E-07 0.20 0.41
Preloading 2.93 0.32 9.01 9.97E-12 2.27 3.58

The following regression model for predict the gy of peat-cement-bagasse ash

(PCB) mixtures was developed from the analysis:
Qu (stabilizedy = 4.32B — 0.26Dso + 3.42D + 1.7C + 0.3S + 2.97P - 37143  (5.2)
qu (Stabilizedy = 2.64B — 863Ca/Si + 3.33D + 1.73C + 0.3S + 2.93P - 466.3  (5.3)

where B= SCBA % of OPC replacement; D= Dso of SCBA in um; C= OPC dosage
in kg/m®; S= K7 dosage in kg/m3; P= Preloading during curing in kN/m2. Egn. 5.2
represents the regression model for physical effects, Dso while Eqn. 5.3 for chemical
effects, Ca/Si ratio. A comparison of the predicted versus experimental unconfined

compressive strength of median particle size, Dso and Ca/Si ratio on pozzolanic
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physical effects analysis is shown Figure 5.4. It shows that the regression model

represents the qu data is reasonably fit, with R? = 0.89 for both SCBA characteristics.
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Figure 5.4: Predicted versus experimental UCS of median particle size, Dso (left) and
Ca/Si ratio (right) on pozzolanic effects analysis

Generally, Egn. 5.2 and 5.3 can be used at any values of multi-factor of
studied peat stabilization. However, from previous multi-factor in peat stabilization
results in Chapter 3, it was suggested the mixture that able to achieve minimum qu
target of 345kPa could be obtained at; Curing= 7days; OPC= 300kg/m3; K7=
500kg/m?3; and P=20kPa (about 1m embankment). Therefore, the Eqn. 5.2 and Eqn.

5.3 can be simplified to;

qu (Stabilizedy = 0.78B — 0.26Dso + 369.55 (5.4)

qu stabilized) = -2.54B + 863Ca/Si + 285.79  (5.5)

for physical effects and chemical effects respectively. From the Eqgn. 5.4 and 5.5, the
correlation chart between predicted qu to Dsp and Ca/Si ratio had been made like
shown in Figure 5.5. However, the developed charts were limited to apply on
Hokkaido peat or hemic peat stabilization with constant dosage/amount of cement,
silica sand and initial loading. According to Figure 5.5, the following inferences can
be made: (1) qu gained has a close relationship to Dsg and Ca/Si ratio; (2) increase in
the SCBA percentage decreases the qu of the PCB mixture but depends on SCBA
particles size and its chemical characteristics; and (3) smaller size of Dso and larger

Ca/Si ratio indicates greater qu of the PCB mixture and simultaneously can decrease -
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Figure 5.5: Effect of median particle size (top) and Ca/Si ratio (bottom) of SCBA on
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the OPC inclusion percentages. In this investigation, in order to achieve minimum
UCS target, it is suggested the maximum Dso is should not exceed 80um and Ca/Si
compositions should more than 0.083 for at least 5% SCBA replacement of OPC
content. So as to reach 20% SCBA replacement of OPC, Dso must finer than 36um
while Ca/Si proportion ought to larger than 0.127. From this obtained results, Figure
5.6 had been construct for simplify the requirement of physical-chemical effect ratio
of SCBA in order achieved 345kPa (minimum strength target).

1.4 |
Physical Chemical
12 SCBA% effect, PE effect, CE |
- MaxDs, Min Ca/Si
5% 0.08 0.082
1.0 . 10% 0.066 0.097
15% 0.052 0.111
5 os 20% 0.036 0.127
0.6 BT
0.4 TSy
0.2
5% 10% 15% 20%
SCBA, %

Figure 5.6: Ratio of physical-chemical ratio of SCBA versus SCBA percentage

inclusion

5.4 Summary

As summary, evaluation of SCBA quality characteristics on pozzolanic effect
in stabilized peat has been examined in this chapter. It can be summarized from the
experimental results that SCBA characteristics have made a significant influence on
the mechanical properties of the stabilized peat. Based on the outcome of the this

chapter analysis, the following concluding comments are made.
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Curing duration of samples at 7 days was visibly shows the highest strength

activity index and all optimum PCB mixtures were observed exceed the PC line.
The probable reasons this condition could be happened is because;

a. the strength activity index of optimum PCB mixtures due to filler effect is
higher than due to pozzolanic reaction at early curing days.

b. the great combination of SCBA physical and chemical effect. Inclusion of

CacCl; is well known could create high cement hydration at early time.

. Pozzolanic reaction still occurred after a month of curing. This could be

happened by the reason of the fact that cement hydration (PC mixtures) is
normally rapid and effective at first month but almost stop or complete after that
duration while pozzolan reaction can be occurred continuously until several
month.

Effect of SCBA pozzolan was observed has more significance influence on the
strength activity index if compare to silica sand, K7 inclusion.

. Regression statistical analysis was successfully verified and completed. The

outcomes are;

a. (ugained has a close relationship to Dso and Ca/Si ratio of SCBA.

b. increase in the SCBA percentage decreases the qu of the PCB mixture but
depends on SCBA particles size and its chemical characteristics.

c. finer size of Dso and larger Ca/Si ratio indicates greater qu of the PCB
mixture and simultaneously can increase the SCBA percentage
replacement or on the other hand decrease the OPC inclusion percentages.

d. in this study, in order to achieve minimum UCS target , it is suggested the
maximum Dso is should not exceed 80um and Ca/Si compositions should
more than 0.083 for at least 5% SCBA replacement of OPC content. So as
to reach 20% SCBA replacement of OPC, Dso must finer than 36um
while Ca/Si proportion ought to larger than 0.127.
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CHAPTER 6

EFFECTIVENESS OF OPTIMUM PEAT-CEMENT-
BAGASSE ASH (PCB) MIXTURES ON PEAT
DEFORMATION BEHAVIOUR

6.1 Introduction

This chapter illustrates the effectiveness of optimum peat-cement-bagasse ash
(PCB) mixtures on peat deformation behavior. Afterward, the outcomes were
compared to peat-cement (PC) mixture and untreated peat in order to analyze the

contribution of SCBA inclusion in stabilized peat.

The compressibility of soil commonly comprises three phases namely initial
compression, primary consolidation, and secondary compression. Initial compression
occurs instantaneously after the load is applied whereas primary and secondary
compressions depend upon the length of time the load is applied. The initial
compression occurs mainly due to the compression of gas within the pore spaces and
also due to the elastic compression of soil grains [1]. Primary consolidation observed
during the increase in effective vertical stress caused the dissipation of excess pore
water pressure. After the completion of dissipation of excess pore water pressure, the

secondary compression would take place at constant effective vertical stress.

The compression behavior of peat varies from the compression behavior of
other types of soils in two ways. First, the compression of peat is much larger than
that of other soils. Secondly, the creep portion of settlement plays a more significant
role in determining the total settlement of peat than of other soil types. The dominant

factors controlling the compressibility characteristics of peat include the fiber content,
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natural water content, void ratio, initial permeability, nature and arrangement of soil
particles, and inter-particle chemical bonding in some of the soils. Determination of
compressibility of fibrous peat is usually based on the standard consolidation test [2;
3]. For more temperate regions, this subsidence rate was high for Malaysia as shown
in the Figure 6.1 [4; 5].

Malaysia

. ——Florida

Indiana

-  ——Netherlands

= th N -1 o0

Tl

Average subsidence, (cm/year)

0 1 |
25 50 75 100
Average water table depth (cm)

Figure 6.1: Subsidence rate versus groundwater level relationships for different areas
in the world [4]

The calculation of the settlement requires evaluation of soil parameters from
the compression curves which are usually obtained from laboratory Oedometer tests.
The results of incremental loading Oedometer tests are usually presented as the
relationship between void ratio, e, and effective vertical stress, ov’. The 6" may be
plotted on a linear scale to determine the coefficient of volume change, my or on
logarithmic scale to determine the compression index, Cc. As with mineral soils (silt
and clay), the settlement parameters of peat (i.e. consolidation settlement) may also
be determined from standard incremental Oedometer (one dimensional compression)
tests [6; 7]. The parameters are interpreted from traditional e log o’ plots. There may
be differences in the magnitudes of various quantities measured but the general shape
of the consolidation curves appear reasonably similar and the formulation developed
for clay compression can be used to predict the magnitude and rate of settlement [7].

134



6.2 Methodology

Consolidation tests were carried out in the standard Oedometer apparatus on
the untreated (P) and stabilized peat (PC, PCB1-20 and PCB2-5) mixtures samples
that obtained from UCS test in Chapter 3. The flowchart that related to this chapter
had been shown in Figure 6.2. The sizes of specimens were 60 mm in diameter and
30 mm in height. The standard Oedometer tests comprised seven incremental load
stages and each load stage lasted 24 hours. An initial stress of 10 kPa was applied
and the stress was increased in steps at the end of each load stage using a load
increment ratio of unity until a final stress of 640 kPa had been applied.The detail

computations for this compressibility were shown in Appendix F.

CHAPTER 6: Effectiveness of Optimum
Peat-Cement-Bagasse Ash (PCB) Mixtures
on Peat Deformation Behaviour

Settl;ment Effect of curing
parameter analysis -« Optic::ljt:argl?rr]]i;tzreg
PUSPC Vs PCB (from Chapter 3)

A
Interpretation of
compressibility

behaviour change

Figure 6.2: Flowchart of Chapter 6 experimental planning

6.3 Results and discussions

6.3.1 Void ratio (e), coefficient of permeability (k) and pre-consolidation pressure

(o)

The void ratio, e versus effective vertical stress, oy’ for untreated is shown in
Figure 6.3. The results reveal that untreated Hokkaido peat demonstrated the high e
and as a result contribute high coefficient of compression, Cc= Ae/ (A log ov’) with
about 9 and 4.9 respectively. The average value of the specific gravity, Gs of studied
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Hokkaido peat (Gs= 1.67) was used in phase relationship to determine the initial void
ratio of the soil specimen employed in the experimental program. The high void ratio
is believed predominantly contributed by high water contents and liquid limit in peat.
This matter has also been discovered by Huat [7] and Den Haan [131]. However, the
void ratio was seen reduced with o’ increment and consequently drop the k

significantly.
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Figure 6.3: Void ratio, e versus effective vertical stress, oy’ for untreated peat

The relationship between e, k and 6\’ for untreated Hokkaido peat was shown
in Figure 6.4. The k noticeably decreases once after the small load was subjected as
shown in Figure 6.4a. This is because peat represent the extreme form of soft soil and
subject large settlement even when subjected to moderate load [9]. The change in
permeability as a result of compression is drastic for peats (as compression proceeds
and void ratio decreases rapidly, permeability is greatly reduced as shown in Figure
6.4b). The application of consolidation pressure may induce a rearrangement of fiber
orientation and drastically reduces the void, causing a significant reduction in the
vertical permeability [10; 11]. In this study, e of untreated peat reduces from 9.6 to
2.4 while k decreases from 2.7E® to 3.2E* m/s which is mean as compression
proceeds and void ratio decreases rapidly. Permeability is greatly reduced roughly
1000-fold to a value comparable to that of clay. In general, the initial permeability of
peats is 100 -1000 times that of soft clays and silts [12] and Edil [13] stated that the
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rate of decrease of k with decreasing e is usually higher than that in clays. A range of
the peat k between E® and E® m/s was obtained from previous studies [10; 14].
With 2.7E% for studied peat, it shows that hemic peat has lower permeability if

compared to typical fibrous type in literature review.
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Figure 6.4: Relationship of coefficient of compressibility, k, effective vertical stress,

ov’ and void ratio, e of untreated peat

Another important characteristic of soil compressibility is the pre-

consolidation pressure, 6. The two most commonly used methods for determining
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the end of primary consolidation, namely the Taylor and Casagrande graphical
constructions from a void ratio or axial strain, € versus time curve [10; 15]. The oc
estimation of untreated Hokkaido peat was given approximately 25 kPa by using
Casagrande method [16] as shown in Figure 6.5. The obtained o value has little in
common with peat from the USA, UK and Malaysia. Mesri et al. [2], the researchers
from the USA found the o of his studied fibrous peat were lying between 30-34 kPa.
One of active peat researcher in UK, O' Kelly [17; 18] was observed on six kind of
UK peat which record the range of o between 20 to 50 kPa. While in Malaysia, a
study by Ali et al. [19] revealed that their studied fibrous peat o¢’ is about 25.5kPa.
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Figure 6.5: Determination of preconsolidation pressure, 6’c by Casagrande’s method

for untreated peat

In the Figure 6.6a, there was a significant reduction of e in the stabilized
peats (all optimum PCB and PC mixture at 7 days of curing) as compared to that of
the untreated one (Figure 6.3a). Initially, the e for PCB1-20 represents the lowest and
then followed by PCB2-5 and PC mixtures. Likewise to the results in Figure 6.6b,
the e for 60 days curing of PCB1-20 represents the lowest and then followed by 28
and 7 days curing of same mixtures at the beginning, yet it is turn to inverse way at
the final load (640kPa). This proves that the mixture of PCB1-20 is harder, denser
and stronger with time and better than other mixtures in term of compressibility.

However, the e of stabilized peat seems shows the slow lessening with curing age.
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One of the reasons this could be occurred because the duration of stabilization
generally does not affect its permeability to a large extent [20]
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Figure 6.6: Void ratio, e versus effective vertical stress, 6y’ for; (a) all optimum PCB
and PC mixture at 7 days of curing, (b) optimum PCB1-20 mixture at 7, 28 and 60
days of curing

The relationship between e, k and oy’ for stabilized Hokkaido peat was shown
in Figure 6.7 and Figure 6.8. In the same way with untreated peat, as compression

proceeds and void ratio decreases, permeability is reduced but not as rapid and great
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as untreated peat. This is because the structure of stabilized peat is stiffer and solid
compared to untreated. However, it was revealed that the initial k between stabilized

and untreated almost same or small change.
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Figure 6.7: Void ratio, e versus coefficient of permeability, k for; (a) all optimum
PCB and PC mixture at 7 days of curing, (b) optimum PCB1-20 mixture at 7, 28 and
60 days of curing
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Figure 6.8: Coefficient of permeability, k versus effective vertical stress, 6y’ for; (a)
all optimum PCB and PC mixture at 7 days of curing, (b) optimum PCB1-20 mixture
at 7, 28 and 60 days of curing

The permeability of the cement-stabilized peat was of the same order or
lower than the original peat depending on the stress state acting during curing [21]. It
was found that the k for all mixtures encounter a very slight change between each
other. The PC mixture shows the lowest k then other PCB mixtures. This is maybe
because of SCBA presence in the other two mixtures which the particles are coarser

141



than OPC and consequently change the soil fibric and increase the macropores. For
curing effects, two month curing samples shows the less k and become prove it has
higher strength and more compact. EuroSoilStab [22] reported that permeability tests
on peat with different binders showed that the permeability of stabilized peat was
between E to E® m/s after 28 and 180 days respectively. Similar to study results,
the k of stabilized peat was between E to E® m/s in range of 7 to 60 days curing.

In addition, Figure 6.6 also point out that the important effect of treatment on
the compression behavior is the increase in the pre-consolidation pressure, o> with
different PCB mixture and curing period. In the consolidation tests the most evident
effect of treatment with PC was the increase in the o.. The development of this o is
the mechanism responsible for the reduction in deformations associated with any
increase in effective stresses [15]. In contrast to e result, the o> shows the increment
pattern. The o increased from 25 kPa (untreated peat) to about 200 kPa, 210 kPa
and 240 kpPa for PC, PCB2-5 and PCB1-20 respectively. Similarly, Figure 6.6b
shows the increment of the o> for optimum PCB1-20 mixture at 7, 28 and 60 days of
curing with 240 kPa, 280 kPa and 290 kPa respectively. This increase in o¢ is in
agreement with the increase in strength with time recorded from the UCS results in
Chapter 3. These findings has an similarity with the observed results in Hebib and
Farrell [21] study. As a result of the development of this o, the compression curve
of the stabilized soil is shifted to higher effective stress. Moreover, the
compressibility of the stabilized peat measured in the overconsolidated area also
shows a decrease with increasing curing duration especially between 7 and 60 days.
These two effects are an indication of the effectiveness of the treatment in reducing
settlements [23]. As a result, the stabilized soil can sustain higher effective stress

than the Hokkaido untreated peat at the same void ratio [15].

6.3.2 Coefficient of volume compressibility, myand coefficient of consolidation, Cy

Figure 6.9 displays the coefficient of volume compressibility, my =
[(AH/Havg)% x AP] versus effective vertical stress, oy’ for untreated peat, all
optimum PCB mixture at 7 days of curing and optimum PCB1-20 mixture at various
days of curing. The results indicate that the addition of consolidation pressure has the
effect of decreasing the coefficient of permeability of untreated and stabilized
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Hokkaido peat. The my decreases drastically at the lower range of pressure but the
effect become less at large compression. This trend is in agreement with the

consolidation theory [10; 24].

According to Kazemian and Huat [25], this parameter is very useful to
estimate the primary consolidation settlement. For the untreated peat, the my exhibits
significant decrement if compared to stabilized specimens. The compressibility
characters of soils are improved because of the hardened skeleton matrix formed by
bagasse-cement particles bonding with soil particles. The optimum mixtures of
PCB1-20 that cured for 60 days shows the lowest my if matched to other stabilized
mixtures. Therefore, it can be said that the longer curing time with the high quality of
SCBA inclusion in peat stabilization could be beneficial to reduce the my which

indirectly reduce the soil settlement potential.
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Figure 6.9: Coefficient of volume compressibility, my versus effective vertical stress,
ov’ for; (a) untreated peat, (b) all optimum PCB mixture at 7 days of curing, (c)
optimum PCB1-20 mixture at 7, 28 and 60 days of curing

There are two practical methods available to determine the coefficient of
consolidation rate, Cy from laboratory consolidation test; log t method and square
root t, Vt method. In this study Vt method was adopted to define the Cy as this method
was believed has better accuracy [19]. Figure 6.11 displays the coefficient of

consolidation rate, Cy= [0.848/te X (Havg/2)?] versus effective vertical stress, oy’ for
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untreated peat, all optimum PCB mixture at 7 days of curing and optimum PCB1-20
mixture at various days of curing. The values of too were obtained from the
settlement vs Vt curve as shown in Figure 6.10 as example. Similar pattern were
observed between untreated and stabilized peat where the Cy reduce as vertical
consolidation pressure increase. Ajlouni [26] pointed out a pronounced decrease in
Cv with load during consolidation due to large reduction in permeability. It was
revealed that the Cy of stabilized peat potrays the higher values than untreated one
where the Cy for PCB1-20 mixtures that cured for two month gave the higher values
among the stabilized mixtures. As mentioned previously, it is because of the effect of
SCBA inclusions in the mixtures that could replace organic matter in the soil. Study
by Hassan et al. [27] shows that increasing percentage of sand content in peat
stabilization may replace the organic content and finally increase the Cy. As stated by
Farrell et al. [28], lower Cy is more evidence in specimen with higher organic
contents. Therefore, it can be concluded that PCB1-20 mixtures represents the lowest
organic content by the effect of primary and secondary hydration. It was also can be
proved from the chemical results in Chapter 4 where this mixture has the lowest

carbon contents which can be considered as lower organic contents.
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Figure 6.10: Settlement vs square root time curve; example for determination of

coefficient of consolidation rate, Cy in laboratory consolidation test
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Figure 6.11: Coefficient of consolidation rate, Cy versus effective vertical stress, oy’
for; (a) untreated peat, (b) all optimum PCB mixture at 7 days of curing, (c) optimum
PCB1-20 mixture at 7, 28 and 60 days of curing

6.3.3 Compression index, C. and secondary compression index, Cq

Figure 6.12 and Figure 6.13 displays the primary and secondary compression
index, (Cc and C,) versus effective vertical stress, 6y’ for untreated peat, all optimum
PCB mixture at 7 days of curing and optimum PCB1-20 mixture at various days of
curing. For the purpose of C, = Ae/ (A log t) determination, the slope of the e — log t
curves were used. It was easy to compute C, for untreated Hokkaido peat since the
curve shows the typical S-curve like exposed in Figure 6.14. However, considering
the standard oedometer apparatus that had been used in this study cannot determine
the dissipation of water during consolidation, it assumes that secondary compression
started 4 hours (240 minutes) after loading for stabilized peat. This assumption
approach adopted from previous research conducted by Hebib and Farrel [21] and
Duraisamy [29]. Therefore, C, was determined from the slope of the e — log t curves

4-24 hour after a load increment was applied (Figure 6.15).

In the case of untreated peat, it was discovered that C. and C, significantly
increase with the increase of oy’ near the preconsolidation pressure, oc. At values of

oy’ past about 3o, Cc gradually decreases with the increase in o,’. Consequently,

147



according to the C,/Cc concept of compressibility, C, is expected to gradually
decrease with time. Similar to the study by Mesri et al. [2], they found that the lowest
values of C, were encountered in the recompression range where Cc is small, and the
highest values of C, were observed at effective vertical stresses just past the

preconsolidation pressure where Cc maximizes.
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Figure 6.12: Compression index, Cc versus effective vertical stress, oy’ for; (a)
untreated peat, (b) all optimum PCB mixture at 7 days of curing, (c) optimum PCB1-
20 mixture at 7, 28 and 60 days of curing

Contrary to the untreated peat, the Cc and C, for stabilized peat continuously
increase with the increase of oy’ even beyond the preconsolidation pressure, oc.
These increments seem obvious just after the .’ exceed the UCS of mixtures that
obtained from Chapter 3. For instance after 320 kPa of .’ was subjected on PCB1-
20 mixtures, the curves shows the drastic raises of these two important parameter
especially when the load reach and past about 380 kPa (UCS of PCB1-20 mixtures).
It also shown the value of C. and C, was relatively low at low effective stresses,
however it increased as preconsolidation pressure was approached and continuous to
rise after beyond these pressure. Significant increase in Cc and C,, occurs after 6y’ for
the cement-stabilized peat discovered that creep could be associated with a structural
breakdown [21].
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Figure 6.13: Secondary compression index, C, versus effective vertical stress, 6y’ for;
(@) untreated peat, (b) all optimum PCB mixture at 7 days of curing, (c) optimum
PCB1-20 mixture at 7, 28 and 60 days of curing
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Figure 6.15: Void ratio, e vs log time curve; example for determination of secondary
compression index, C, in stabilized peat (PCB1-20 mixtures at 7 days curing)

compressibility analysis

Figure 6.16 shows the compression index ratio, Cc/1+e, against secondary
compression ratio, Co/1+e, for untreated peat, all optimum PCB mixture at 7 days of
curing and optimum PCB1-20 mixture at 7, 28 and 60 days of curing. With C./Cc
about 0.066, untreated Hokkaido peat listed in the typical range of peat compression
ratio. The most detailed measurements and existing reliable data suggest a range of
Co/Cc = 0.06 = 0.01 for natural peat [2]. Lower ratio of C,/C. indicates the lesser
compressibility of soils. Compared to untreated Hokkaido peat, stabilized peat
demonstrates the good enhancement of C,/C. ratio. Figure 6.16b portrays that PCB1-
20 is the best improvement of settlement and followed by PCB2-5 and PC mixtures.
Therefore these best mixtures then were examined on the effect of curing time at 7,
28 and 2 month and the outcomes shown in Figure 6.16¢. The result indicates the
significant improvement of C./C. ratio with 0.031, 0.028 and 0.027 individually. For
that reason, it can be said that less creep settlements develop when the peat is
stabilized with optimum PCB mixtures. The ratio C,/C. was perceived slightly higher
at 7 and 28 days and still improved at 60 days curing. This could be explained by the

fact that the soil is still experiencing chemical reaction between this duration of
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curing. In other words, the longer duration of curing of the stabilized peat in water,

the lesser was its ratio of C./C. which is indicating that it was less compressible.
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Figure 6.16: Compression ratio, Cc/1+e, versus secondary compression ratio, Co/1+€o
for; (a) untreated peat, (b) all optimum PCB mixture at 7 days of curing, (c) optimum
PCB1-20 mixture at 7, 28 and 60 days of curing

Similarly, Figure 6.17 shows the compression index ratio, Cc/C, for all
mixture at 7 days of curing and optimum PCB1-20 mixture at 7, 28 and 60 days of
curing. As the C,/C. ratio decreases, the soil engineering behavior is known to shift
from that of peaty or organic soils to inorganic soils and finally to a granular material
[15; 23; 30; 31]. It is found that the stabilized peat C./C. ratios reached to granular
soil materials at a curing age of 1 month and above. With curing duration from 28
days to 60 days, small noticeable improvements were observed and the pattern was
similar to gained UCS results. These results are encouraging, since the compression
behavior of organic soils appears to be fundamentally changed to that of granular soil,
which is considered to be an excellent foundation material by the geotechnical and

pavement engineers [31].
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In Figure 6.18, the compression ratio, Cc/1+e, for all mixture at 7 days of
curing and optimum PCB1-20 mixture at 7, 28 and 60 days of curing were shown.
According to Loughlin and Lehane [32], compressibility level could be classified by
referring compression index ratio, C¢/1+e, of tested peat as shown in Table 6.1.
revealed that stabilized peat significantly change the

compressibility behavior of original peat from very compressible to slightly

Figure 6.18a was
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compressible. It was exposed that PCB1-20 shows the less compressibility compare
to other stabilized peat with Cc/1+e,= 0.079 and dropped as much 77% from
untreated peat (Cc/1+eo= 0.345). On the same direction, Figure 6.18b discover that
curing duration on best optimum mixtures (PCB1-20) contribute better improvement
which change the compressibility behavior from slightly to very slightly

compressibility after two month curing duration.
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Figure 6.18: Compression ratio, Cc/1+e, for; (a) all mixture at 7 days of curing, (b)
optimum PCB1-20 mixture at 7, 28 and 60 days of curing
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Table 6.1 Classification of compression ratio [30]

Compression ratio (C./1+e) Classification
0-0.05 Very slightly Compressible
0.05-0.10 Slightly Compressible
0.10-0.20 Moderately Compressible
>0.20 Very Compressible

6.4 Summary

As summary, this chapter proves the effectiveness of optimum peat-cement-
bagasse ash (PCB) mixtures on peat deformation behavior. There was a significant
reduction of void ratio, e for stabilized peat mixtures as compared to that of the
untreated one. Consequently, the permeability coefficient, k noticeably decreases.
However, the e of this stabilized peat seems shows the slow decreasing with curing
age. It was found that the k for all mixtures encounter a very slight change between
each other. The PC mixture shows the lowest k then other PCB mixtures. This is
maybe because of SCBA presence in the other two mixtures which the particles are
coarser than OPC and consequently change the soil fibric and increase the
macropores. The k of stabilized peat was between E% to E% m/s in range of 7 to 60

days curing.

The important effect of treatment on the compression behavior is the increase
in the pre-consolidation pressure, o> with different PCB mixture and curing period.
This o> increment is in agreement with the increase in strength with time recorded
from the UCS results. As a result of the development of this o.°, the compression
curve of the stabilized soil is shifted to higher effective stress. The my decreases
drastically at the lower range of pressure but the effect become less at large
compression. The Cy reduce as vertical consolidation pressure increase due to large

reduction in permeability.

In the case of untreated peat, it was discovered that C¢ and C, significantly
increase with the increase of oy’ near the preconsolidation pressure, oc. At values of
oy’ past about 3oc, Cc gradually decreases with the increase in 6y’. Contrary to the

untreated peat, the C. and C, for stabilized peat continuously increase with the
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increase of 6y’ even beyond the preconsolidation pressure, cc. Significant increase in
C. occurs after oy’ for the cement-stabilized peat discovered that creep could be
associated with a structural breakdown. Compared to untreated Hokkaido peat,
stabilized peat demonstrates the good enhancement of C./Cc ratio. The less creep
settlements develop when the peat is stabilized with optimum PCB mixtures at the
longer duration of curing of the stabilized peat in water.

As the C,/C. ratio decreases, the soil engineering behavior is known to shift
from that of peaty or organic soils to inorganic soils and finally to a granular material.
As a result, stabilized peat considered to be an excellent foundation material by the
geotechnical and pavement engineers. The compression ratio, Cc/1+e, results
revealed that stabilized peat significantly change the compressibility behavior of
original peat from very compressible to slightly compressible and finally to very

slightly compressible after cured for 2 month.
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CHAPTER 7

CONCLUSIONS AND FUTURE WORKS

7.1 Conclusions

As conclusions, the main objective of this research works was achieved
where the effectiveness of SCBA in stabilized peat successfully evaluated and
clarified. The first important step in this study is the comparative study between
Hokkaido and Malaysia peat. The main purpose is to check the similarity potential of
peat geotechnical characteristics so that the research finding possible to apply on
Malaysia peat in future. As stated in Chapter 1, the research scopes were
concentrates to the strength and compressibility of stabilized peat that will be
compare to untreated peat. Therefore, the conclusions regarding the enhancement of

the strength and compressibility of stabilized peat by utilizing SCBA are presented;

1. The stabilized peat comprising 20%, 5% and 10% (PCB1-20, PCB2-5 and PCB3-
10) partial replacement of OPC with SCBA 1 (good quality), SCBA 2 (low
quality) and SCBA 3 (intermediate quality) attain the maximum UCS and
discovered greater than P and PC specimen.

2. The proposed calculation to predict deformation modulus of Peat-Cement-
Bagasse (PCB) mixtures based on two-phase mixtures model was introduced and
developed. The main benefit of this proposed model is the ability to determine
the optimum PCB mixture which depends on the physical and chemical effects of
SCBA. The proposed modified model was exhibits a good agreement with the

experimental results.
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. At each optimal mix of PCB mixtures, the UCS increased with increasing of
curing time, OPC dosage, K7 dosage and preloading. For PCB1-20 and PCB3-10
mixture, inclusion of a minimum OPC dosage of 300 kg/m® and K7 dosage of
500 kg/m? along with curing under 20 kPa pressure is recommendable for the
peat stabilization to be effective. However PCB2-5 mixture is not recommended
to use in stabilized peat unless more OPC and K7 dosage should be consumed in
order to achieve minimum strength target.

Pozzolanic reaction still occurred after a month of curing for PCB1-20 because of
the fact that cement hydration (PC mixtures) is normally rapid and effective at
first month but almost stop or complete after that duration while pozzolan
reaction may be occurred continuously until several month.

From multiple regressions statistical model, the gy gained has a close relationship
to Dsg and Ca/Si ratio of SCBA. Finer size of Dso and larger Ca/Si ratio indicates
greater qu of the PCB mixture and simultaneously can increase the SCBA
percentage replacement or on the other hand decrease the OPC inclusion
percentages.

There was a significant reduction of void ratio, e for stabilized peat mixtures as
compared to that of the untreated one. Consequently, the permeability coefficient,
k noticeably decreases.

The o shows the increment with different PCB mixture and curing period. This
oc increment is in agreement with the increase in strength with time recorded
from the UCS results. Consequently to the development of o, the compression
curve of the stabilized soil is shifted to higher effective stress.

The my decreases drastically at the lower range of pressure but the effect become
less at large compression while the Cy reduce as vertical consolidation pressure
increase due to large reduction in permeability.

For untreated peat, C; and C, significantly increase with the increase of 6y’ near
the oc. At values of 6y’ past about 3¢, Cc gradually decreases with the increase in
ov’. The Cc and C, for stabilized peat continuously increase with the increase of
ov’ even beyond the oc. Significant increase in C, occurs after 6y’ for the cement-
stabilized peat discovered that creep could be associated with a structural

breakdown.

164



10. Compared to untreated Hokkaido peat, stabilized peat demonstrates the good
enhancement of C,/Cc ratio. The less creep settlements develop when the peat is
stabilized with optimum PCB mixtures at the longer duration of curing of the
stabilized peat in water. As the C,/C¢ ratio decreases, the soil engineering
behavior is known to shift from that of peaty or organic soils to inorganic soils
and finally to a granular material. As a result, stabilized peat considered to be an
excellent foundation material by the geotechnical and pavement engineers. The
compression ratio, Cc/1+e, results revealed that stabilized peat significantly
change the compressibility behavior of original peat from very compressible to
slightly compressible and finally to very slightly compressible after cured for 2

month.

7.2 Future works

Overall, this study main objective was positively accomplished where the
effectiveness of SCBA utilization in stabilized peat was revealing the good outcomes.
However, there are still many improvement and further study on this new material.
Currently, the improvement and future works that planned to be focus are listed

below and shown in;

1. Study on effectiveness of SCBA on other type of peat (fibric and sapric) so that
this material can be utilized and generalized in peat stabilization.

2. Material safety identification by leaching tes such as Toxicity Characteristic
Leaching Procedure (TCLP).

3. Make additional test for road construction purpose such as resilient modulus and
California Bearing test (CBR) which important to evaluate the mechanical
strength of road subgrades.

4. Improve the compressibility study on PCB mixtures on long term duration with
proper apparatus such as Rowe cell that can accurately compute the dissipation of
water during compression.

5. Deeply study on the SCBA characteristics reaction with the aim of quantifies
how much reactive rate of SCBA during hydration process. Therefore, possibility
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to understand how much non-reactive SCBA becomes filler and how much

reactive SCBA that enhances the chemical reaction become clearer.

6. Field test trial and make comparative study with laboratory experimental results.

Future works

SCBA on other
type of peat

Deeply study on
SCBA vital
characteristic reaction

Further test:

® | eaching test (e.g.; TCLP)
e CBR

® Compressibility (long term)

Field test trial

Figure 7.1 Future works

Field test trial of PCB

Collecting SCBA from mills

v
Grain size distribution test
t

v
Chemical composition test
]

Possible % of SCBA replacement

to achieve min. g, (Chap. 5)
I

Apply to field test
Target area & method approach
e Hemic peat area
e Depth < 5m
« Mass stabilization method (use min

suggestion of admixture- Chap. 3)

¥
Field strength test

\

Laboratory strength test

s use min suggestion of admixture- Chap. 3)

!

Comparison

I

Estimation of field test strength based on two
phase mixture model on PCB mixture (Chap.3)

Figure 7.2 Planning idea for field test trial of PCB mixtures
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APPENDIX

Appendix A: Determination of Unconfined Compressive Strength (UCS) of untreated peat specimens (P)

Sample height, H (cm) 12
Sample diameter, D (cm) 6

Area, A, (m°) 0.00283
Dial gauge, Dq (mm) 0.001
Load dial, K (kN) 0.00125

Lab data Column 1 Column 2 Column 3 Column 4 Column 5 = 18
No. Ah Py AH@mm) &% A (m) P.KN o kN/m’ S 15
1 0 0 0.00 0.00  0.0000 0.0000  0.00 2
2 40 2 0.04 0.33 00028 0.0025 0.88 @
3 190 15 0.19 158 00029 00187  6.52 12
4 560 24 0.56 467 00030 00300 10.11 gg 10
5 990 29 0.99 825 00031 00362 11.76 g& g
6 1430 33 143 1192 00032 00412 12.84 S
7 1920 37 192 1600 00034 00462 13.73 3
8 2280 40 228  19.00 0.0035 0.0500 14.31 = 4
9 2640 43 264 2200 00036 00537 14.82 g 2 o
10 3000 47 300 2500 00038 00587 15.57 5 0 ‘ 5T 1%
11 3340 51 334  27.83 0.0039 00637 16.26 0 10 20
AR Axial Strain, € (%)
Column 1: AH = — Column 4: P=P,,xK
g
Column 5: =2
Column 2: E:%XIOU otumm o J_AC
Column 3: A, Ao
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Appendix B: Determination of Unconfined Compressive Strength (UCS) of stabilized peat specimens (Example: PC mixtures- Sample 3)

Sample height, H (cm) 12
Sample diameter, D (cm) 6
Area, A, (Mm?) 0.00283
Dial gauge, Dg (mm) 0.001
Load dial, K (kN) 0.00125
Labdata  Column 1 Column 2 Column 3 Column 4 Column 5 . 450
No.  Ah Pepb AHmm) &% A (m) P.KkN g kN/m? % 400 [ 396 kPa
1 0 0 0.00 0.00 0.00000 0.0000  0.00 s
2 64 98 006 053 000284 01224 4307 & 350 v
3 141 295 014 118  0.00286 0.3685 128.80 2 ~ 300 ¢
4 209 564 021 174 000288 07044 244.84 8E 250 |
5 289 78  0.29 241 000290 0.9817 338.90 eg 200 |
6 359 883  0.36 299 000291 1.1029 378.45 EE
7 462 932 046 385 000294 11641 39591 g 150 ¢
8 533 883 053 444 000296 11029 37279 S 100 |
9 605 784 061 504 000298 09792 328.92 S 50 |
10 677 700  0.68 564 000300 0.8743 291.82 5 04
11 751 622 075 6.26  0.00302 0.7769 257.61 0 ) A 5 8 10
12 89 554  0.83 691 000304 0.6919 227.85
13 922 498 092 768 000306 06220 203.12 Axial Strain, £ (%)
14 997 413 1.00 831 000308 05158 167.31
15 1076 297  1.08 897 000311 0.3710 119.45
Ah
Column 1: AH = o Column 4: P="P.,xK
aq
Column 5: =P
Column 2: E:%Xloo ot - O-_AC
Column 3: A, = 2o
1-¢
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Appendix C: Stress- strain for all PC and PC mixtures

Unconfined Compressive Strength, Unconfined Compressive Strength,

Unconfined Compressive Strength,

—PC
—PCB1-20 ——PCBI1-25
450

400
350
300

q,, (KN/m?)

q,, (kN/m?)

—PCBI-5 ——PCBI-10 ——PCBI-15

——PCB1-30 ——PCBI1-35

6
Axial Strain, £ (%)

—PC
——PCB2-15

350

—PCB2-5
PCB2-20

—PCB2-10
PCB2-25

300

250

200

150

100

50

0 = 1 1 1
6 9
Axial Strain, £ (%)

12

—DPC
——PCB3-15

400

——PCB3-5
PCB3-20

—PCB3-10
PCB3-25

350
300
250
200
150
100

50

0 | 1
3 6
Axial Strain, £ (%)
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Appendix D: Determination of average Unconfined Compressive Strength (UCS):

Example of PC and PCB1 mixtures

Sample height, H (cm) 12
Sample diameter, D (cm) 6
Area, A, (M°) 0.002827
Dial gauge, Dq (mm) 0.001
Load dial, K (kN) 0.00125
Lab data Column 1 Column 2 Column 3 Column 4 Column 5
Sample  Ah  Ppp gy AH §% A (m’) P,kN g kN/m® Average
1 656 754 0.656  5.4667 0.00299 0.9417 314.91
PC 2 546 731 0.546 45500 0.00296 0.9130 308.27 316
3 591 774 0.591  4.9250 0.00297 0.9667 325.12
1 393 782 0.393 3.2750 0.00292 0.9767 334.18
PCB1-5 2 349 745 0.349 29083 0.00291 0.9305 319.58 324
3 375 743 0.375 3.1250 0.00292 0.9280 318.01
1 274 807 0.274 22833 0.00289 1.0079  348.40
PCB1-10 2 497 768 0.497  4.1417 0.00295 0.9592 325.26 341
3 357 815 0.357 2.9750 0.00291 1.0179 349.36
1 315 877 0.315 2.6250 0.00290 1.0954  377.30
PCB1-15 2 335 889 0.335 27917 0.00291 1.1104 381.81 373
3 324 839 0.324  2.,7000 0.00291 1.0479 360.67
1 350 866 0.35 29167 0.00291 1.0816 371.45
PCB1-20 2 423 923 0.423 35250 0.00293 1.1528 393.42 387
3 462 932 0.462 3.8500 0.00294 1.1641  395.91
1 320 767 0.32 2.6667 0.00290 0.9580 329.83
PCB1-25 2 452 837 0.452 3.7667 0.00294 1.0454  355.87 344
3 385 811 0.385  3.2083 0.00292 1.0129 346.81
1 326 544 0.326  2.7167 0.00291 0.6795 233.82
PCB1-30 2 379 648 0.379  3.1583 0.00292 0.8094 277.25 259
3 364 623 0.364 3.0333 0.00292 0.7781 266.90
1 510 466 0.51 42500 0.00295 0.5820 197.13
PCB1-35 2 336 473 0.336  2.8000 0.00291 0.5908 203.13 198
3 531 459 0.531  4.4250 0.00296 0.5733 193.82
AR
Column 1: AH = o Column 4: P=P,,xK
g
AH Col 5: a = P
Column 2: €= x 100 ot > Ac
Column 3: A, = Ao
1-¢
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Appendix E: All collected results of Unconfined Compressive Strength (UCS) at various factor in peat stabilization

ESE e
Test Purpose  Mixtures Samples Z 2 3 Av 1 2 g AV 1 2 3 AV
PC €100 0 314.83 30818 32503 316  12.38 1243 1201 _ 1229 _ 7587  78.04  77.81 _ 71.54

C95B5 5 334.09 319.49 317.92 324 1211 12.35 12.50 12.32 83.12 79.13 81.65 81.30
C90B10 10 348.30 32517  349.26 341 12.39 12.19 12.47 12.35 80.84 83.55 83.71 82.70
C85B15 15 377.19 381.70  360.57 373 12.25 12.37 12.61 12.41 81.67 85.08 83.45 83.40
SCBA 1 C80B20 20 371.34 39331  395.80 387 12.39 12.61 12.62 12.54 83.17 85.13 84.03 84.11
C75B25 25 329.74  355.77  346.71 344 12.31 12.43 12.40 12.38 87.34 84.11 86.04 85.83
C70B30 30 233.75  277.17  266.82 259 12.27 12.13 12.17 12.19 86.09 88.82 87.38 87.43
C65B35 35 197.08  203.07  193.76 198 11.83 12.02 1191 11.92 90.13 87.53 91.02 89.56

C100 0 314.83  308.18  325.03 316 12.38 12.48 12.01 12.29 75.87 78.94 77.81 77.54
Effect of OPC- C95B5 5 330.72 310.81 325.56 322 12.42 12.51 12.38 12.44 80.18 82.47 81.50 81.38
SCBA SCBA 2 C90B10 10 246.92  265.37  258.52 257 12.30 12.36 12.32 12.33 82.91 84.45 84.18 83.85
compositions C85B15 15 213.85 24439 234.12 231 12.26 12.29 12.31 12.29 83.45 85.24 83.87 84.19
C80B20 20 23561 211.32  223.05 223 12.24 12.21 12.36 12.27 83.62 85.73 83.53 84.29
C75B25 25 217.00 218.72  210.41 215 12.31 12.22 12.18 12.24 83.17 85.13 85.28 84.53
C100 0 314.83  308.18  325.03 316 12.38 12.48 12.01 12.29 75.87 78.94 77.81 77.54
C95B5 5 306.62 348.11 318.17 324 12.38 12.48 12.52 12.46 82.46 78.94 82.59 81.33
SCBA 3 C90B10 10 337.45 400.02 351.75 363 12.53 12.35 12.68 12.52 83.12 80.13 85.57 82.94
C85B15 15 296.85 28353  336.62 306 12.39 12.27 12.39 12.35 84.23 83.55 83.29 83.69
C80B20 20 24339  261.11  284.97 263 12.25 12.37 12.31 12.31 83.55 85.08 84.27 84.30
C75B25 25 222.17  203.23  252.61 226 12.39 12.18 12.18 12.25 86.34 85.13 84.56 85.34
[ueswes T M W (%)
Test Purpose Mixtures Samples 1 2 3 Avi 1 2 3 Avi 1 2 3 Avi
D1 7 314.83  308.18  325.03 316
D2 14 335.80 426.99  393.42 385
RE D3 21 417.00 44435  455.87 439
D4 28 440.37  483.00  458.87 461
D5 60 460.01  495.94  470.42 475
D1 7 371.34 39331  395.80 387 12.39 12.61 12.62 12.54 83.17 85.13 84.03 84.11
D2 14 433.15  428.30 - 431 12.51 12.75 12.72 12.66 81.56 84.77 84.77 83.70
Effect of PCB1-20 D3 21 476.12  469.21 - 473 12.64 12.76 12.97 12.79 81.49 84.05 81.93 82.49
optimum PCB D4 28 501.29  498.86 - 500 12.77 13.02 13.00 12.93 79.48 83.65 80.50 81.21
A ——— D5 60 517.93  541.38 - 530 12.49 13.17 13.61 13.09 79.79 81.07 81.45 80.77
clining D1 7 330.72 310.81 32556 322
duration D2 14 346.48  319.39 - 333
PCB2-5 D3 21 401.56  328.30 S 365
D4 28 42541  346.00 - 386
D5 60 452.87  364.50 - 409
D1 7 337.45 400.02 351.75 363
D2 14 403.00 383.33 - 393
PCB3-10 D3 21 44530  384.91 - 415
D4 28 44438  429.16 - 437
D5 60 468.95  433.02 - 451
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Appendix E: All collected results of Unconfined Compressive Strength (UCS) at various factor in peat stabilization: Continued

Test Purpose

w (%)

Mixtures Samples 1 2 3 Avi 1 2 3 Avi 1 2 3 Avi

LO 0 174.86  196.71 = 186
L1 20 314.83 308.18  325.03 316
PC L2 40 354.04  360.19 = 357
L3 60 422.05 42843 - 425
L4 80 483.40  468.36 = 476
L5 100 512.31  535.42 = 524
LO 0 200.86  235.49 - 218 12.51 12.12 12.51 12.38 84.23 86.11 85.14 85.16
L1 20 371.34 39331  395.80 387 12.39 12.61 12.62 12.54 83.47 85.77 83.09 84.11
PCB1-20 L2 40 409.22  444.72 = 427 12.57 12.67 12.65 12.63 81.98 84.21 83.53 83.24
Effect of L3 60 452.70  493.00 = 473 12.82 12.73 12.61 12.72 81.46 84.01 81.40 82.29
optimum PCB L4 80 530.26  581.19 - 556 12.67 12.88 12.82 12.79 80.03 84.37 80.31 81.57
R L5 100 599.29  632.79 = 616 12.69 12.87 12.93 12.83 79.87 81.55 81.07 80.83
initial loading LO 0 204.38  189.03 - 197
variation L1 20 330.72 31081  325.56 322
PCB2-5 L2 40 372.80 362.57 - 368
L3 60 415.62  407.71 = 412
L4 80 482.15  407.23 - 445
L5 100 537.03  414.32 - 476
LO 0 218.85  209.18 - 214
L1 20 337.45  400.02  351.75 363
L2 40 41330  407.88 = 411
RCBC L3 60 483.44  431.81 - 458
L4 80 563.85  504.23 - 534
L5 100 641.42  553.53 = 597
besea ] w (%)
Test Purpose Mixtures Samples 1 2 3 Av 1 2 3 Av 1 2 3 Av
c1 100 27.63 29.38 = 29
Cc2 150 89.84 83.19 - 87
PC C3 200 13576  132.35 = 134
Cc4 250 167.30  150.29 = 159
C5 300 314.83  308.18  325.03 316
c1 100 24.29 25.22 - 25 1111 11.67 11.42 11.40 11473 11621 11544  115.46
c2 150 81.72 80.99 = 81 11.59 11.71 12.10 11.80 108.34  106.54 106.94  107.27
PCB1-20 C3 200 119.84 117.11 - 118 12.13 12.19 12.28 12.20 100.82 98.99 99.71 99.84
Effect of c4 250 178.07  164.86 - 171 12.97 13.29 10.94 12.40 95.21 92.87 93.37 93.82
optimum PCB C5 300 371.34 393.31  395.80 387 12.39 12.61 12.62 12.54 83.17 85.13 84.03 84.11
mixtures on C1 100 21.15 17.54 = 19
OPC dosage Cc2 150 70.42 73.45 = 7?2
PCB2-5 C3 200 97.39 110.23 = 104
c4 250 133.83  141.97 = 138
C5 300 330.72  310.81  325.56 322
c1 100 22.77 23.82 = 23
Cc2 150 76.37 70.29 - 73
PCB3-10 C3 200 106.14  108.55 = 107
Cc4 250 166.27  161.27 - 164
C5 300 337.45 400.02  351.75 363
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Appendix E: All collected results of Unconfined Compressive Strength (UCS) at various factor in peat stabilization: Continued

[tesweammy— pH w (%)

Test Purpose Mixtures Samples 1 2 3 Avi 1 2 3 Avi 1 2 3 Avi
SO 0 167.43  174.96 = 171
S1 100 17450  201.27 - 188
pC S2 200 223.03  255.18 = 239
S3 300 276.69  234.25 - 255
sS4 400 299.02  269.17 = 284
S5 500 314.83  308.18  325.03 316

SO 0 169.52  231.87 = 201 12.78 13.04 13.00 12.94 167.98 171.35 172.20 170.51

S1 100 216.60  233.29 - 225 12.73 12.91 12.97 12.87 14435 14746 14418  145.33

PCB1-20 S2 200 25853  265.89 - 262 12.82 12.76 13.00 12.86 12331 126.76 125.86 12531

S3 300 295.85  298.40 - 297 12.71 12.93 12.88 12.84 107.59  109.73  107.38  108.23

Effect of sS4 400 34433 305.95 - 325 12.67 12.88 12.76 12.77 10025  98.03 98.26 98.85

optimum PCB S5 500 371.34 393.31  395.80 387 12.39 12.61 12.62 12.54 83.17 85.13 84.03 84.11
mixtures on SO 0 166.77  150.06 = 158
K7 dosage S1 100 173.98  179.34 - 177
S2 200 21875 192.83 - 206
ACBZS S3 300 214.64  253.38 - 234
S4 400 27423 271.97 = 273
S5 500 330.72  310.81  325.56 322
S0 0 166.92  210.57 = 189
S1 100 197.56  209.13 - 203
S2 200 236.62  252.90 = 245
eSO S3 300 264.36  287.86 - 276
sS4 400 291.60  300.41 = 296
S5 500 337.45 400.02  351.75 363

[ V- R R R )

Test Purpose Mixtures Samples 1 2 3 Avi 1 2 3 Avi 1 2 3 Avi
Ccco 0 208.57  187.27 = 198
CcC1 1 22591  224.50 = 225
PC Ccc2 2 242.07  279.94 - 261
cc3 3 314.83 308.18  325.03 316
Ccc4 4 338.60  307.33 - 323

Ccco 0 279.67  249.13 - 264 12.19 12.44 12.36 12.33 89.54 88.05 88.31 88.63

CcC1 1 319.52  335.12 = 327 12.55 12.38 12.39 12.44 89.46 86.94 87.41 87.94

PCB1-20 Ccc2 2 320.79  359.37 - 340 12.63 12.47 12.40 12.50 87.13 88.46 85.86 87.15

Effect of Ccc3 3 371.34 39331  395.80 387 12.39 12.61 12.62 12.54 83.17 85.13 84.03 84.11

optimum PCB cc4 4 417.36  365.63 - 391 12.59 12.77 12.80 12.72 85.23 82.87 83.83 83.98
mixtures on Ccco 0 161.63  173.18 - 167
CaCl, dosage CcC1 1 177.91 238.3 - 208
PCB2-5 Ccc2 2 185.75  245.99 = 216
Cc3 3 330.72 310.81  325.56 322
cc4 4 298.13  351.93 - 325
Ccco 0 181.43 233.1 - 207
CC1 1 194.25  248.15 = 221
PCB3-10 Ccc2 2 289.39  352.92 - 321
CC3 3 337.45 400.02 351.75 363
Ccc4 4 382.04  366.06 - 374




Appendix F: Calculation for compressibility test by Oedometer

STEP 1: Laboratory data analysis: Example of untreated peat, P at ¢’y = 10kPa

T . . Water Dry mass of | Mass of Mass of
Initial height, | Diameter, D Area,zA Sp?cmé density, p sa:1pe|, M; | sampel, M w sampel+mould, l\:lgss of
H, (cm) (cm) (cm) gravity, G, (o) © © M, () mould, M; (9)
3 6 28.27 1.670 1.000 13.30 90.44 5.8 332.76 242.32
Her?ce; . D2
S(?|Id height, H, 0.282 M= MZ _ M3 A= -
Dial gauge, Dy 0.002
M, = % s = A:j:w (Assumption: G: is constant)
Final Void . . .
Time(sec) SeAtltlIenzrenr::; > Sztgf:;r;t' Se;tllle(:znni; t height, H height, H, V0|derat|o, -I;“n:;?]')t 't (min)
tab (cm) (cm)
0 0 0.000 0.000 3.000 2.718 9.649 0.00 0.000
6 143 0.286 0.029 2971 2.690 9.548 0.10 0.316
9 161 0.322 0.032 2.968 2.686 9.535 0.15 0.387
12 175 0.350 0.035 2.965 2.683 9.525 0.20 0.447
18 199 0.398 0.040 2.960 2.678 9.508 0.30 0.548
30 232 0.464 0.046 2.954 2.672 9.484 0.50 0.707
42 260 0.520 0.052 2.948 2.666 9.464 0.70 0.837
60 293 0.586 0.059 2,941 2.660 9.441 1.00 1.000
90 341 0.682 0.068 2,932 2.650 9.407 1.50 1.225
120 380 0.760 0.076 2.924 2.642 9.379 2.00 1.414
180 493 0.986 0.099 2.901 2.620 9.299 3.00 1732
300 630 1.260 0.126 2.874 2.592 9.202 5.00 2.236
420 712 1.424 0.142 2.858 2.576 9.144 7.00 2.646
600 833 1.666 0.167 2.833 2.552 9.058 10.00 3.162
900 933 1.866 0.187 2.813 2.532 8.987 15.00 3.873
1200 988 1.976 0.198 2.802 2521 8.948 20.00 4472
1800 1048 2.096 0.210 2.790 2.509 8.905 30.00 5477
2400 1078 2.156 0.216 2.784 2.503 8.884 40.00 6.325
3600 1116 2.232 0.223 2,777 2.495 8.857 60.00 7.746
5400 1141 2.282 0.228 2772 2.490 8.839 90.00 9.487
7200 1158 2.316 0.232 2.768 2.487 8.827 120.00 10.954
10800 1168 2.336 0.234 2.766 2.485 8.820 180.00 13.416
21600 1185 2.370 0.237 2.763 2481 8.808 360.00 18.974
43200 1201 2.402 0.240 2.760 2.478 8.796 720.00 26.833
86400 1219 2.438 0.244 2.756 2474 8.784 1440.00 37.947
H
Ah(mm) = Abyap H(cm) = H — Ah €= H_:
Dg
. t(sec)
Ah(cm) = L(fgm) Hy(cm) = H — H, tmin) = =25
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STEP 2: Determination of too and secondary compression index, C, by develop the graph Ah vs vVt and e vs log t.

vt , min 9.60 ‘ ‘
0 v, 10 20 30 40 J.,OQ“ e vslogt (P- 10 kPa)
0.00 ¢ : : 9.50 e, 892 -
S w Vt(P=10kPa) m\, ei 8.784
oo 43 min 940 \ Ae=-(ere,) 0136
0.03 too 1849  min | 930 5 2 |
dso 02 cm @ \ & 1440
E 0.10 dioo 02 em | £ 920 ALOGt 181593981 -
o E g \ C, 0.0751
£ < 9.10 \ |
G Ae
015 S -
S = 9.00 8 \ €& = Alogt
el
%020 [ 590 " Rog
\ 880 L=t Voo
0.25 ? 8.70 : ty
\\ 0 1 10 100 1000 10000
0.30 log t, min

STEP 3: Determination of compression index, C., coefficient of compressibility, my, coefficient of consolidation, Cy and coefficient of
permeability, k.

Total Final Void . . Specimen
Pressure, P tiement, height, H height, H, VO'd ratio. averade o 4P C.  m, (mIUKN) teo (min) C,(m¥s)  k(mls) Ca  C.llte, Cl+e,
(kPa) AH (cm) (cm) cm) e height, (kN/m?)
Havg (cm)
0 0.000 3000 2718 9649 0000 0000 0O 0.000 0.000 0.00 0.000 0.000 0.000 0000  0.0000
10 0.244 2756 2474 8784 2878 8471 10 2875  8471E-03 1849  158E-07  1.315E-08 0075 0270  0.0071
20 0.152 2604 2323 8245 2680 5664 10 1790  5779E-03 1600  159E-07  8.994E-09 0113 0168  0.0106
40 0.268 233 2055 7293 2470 10848 20 3160  5424E-03  17.64  122E-07  6.505E-09 0189 0207 0.0178
80 0.415 1922 1640 581 2129 19483 40 4891  4871E-03 3600  4.45E-08  2.126E-09 0331 0459  0.0311
160 0.412 1510 1228 435 1716 24002 80 4856  3000E-03 6400  163E-08 4.783E-10 0348 0456  0.0327
320 0.309 1200 0919 3261 135 22832 160 3648 1427E-03 7396  8.77E-09  1.228E-10 0.265 0343  0.0249
640 0.243 0958 0676 2400 1079 22482 320 2861  7.026E-04 9025  4B6E-09  3.142E-11 0233 0269 0.0218

Average 0.3647
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AH (cm) = Final settlement from Step 1 (example)

H+H’

Hayg (em) = > . Ae/100
m, (kPa ") = Ap

Ae (%) = — 100
e (%) = T m2 Havg\® 167E ¢

8 ¢, | — | =0.848x X

s 2 tag
e

fc = Alogd',

Notes: An average of C. /1+e, (between 40kPa to 640kPa) was used to compare the compressibility level.

STEP 4: Determination of preconsolidation pressure, ¢’c, compression index ratio, C, /C. and compression ratio, Cc /1+e, by develop the
graph e vs ¢’y and C, /1+eq Vs Cc /1+€o.

10.0 0.035
a
PN C,/C. (P)=0.06359 3
X 0.030 |-
2.0 i\% e -
il 0.025 =
o 7
s 60 Q) & 0.020 -
g he e
E \ 3 0015
= 40 \ b .
z \ ,
> \\ 0.010 A
P D
2.0 0.005 |-
25kPa
0.000 O '
0.0 000 010 020 030 040 050
1 10 100 1000
Vertical prsessure, ¢', CJ/1+e,
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