
CHAPTER 1

INTRODUCTION

1.1 Background To The Study

This section presents the general context in which the study is based, the history of using

earth for building materials, stabilised soil for bricks and blocks, and its advantages. The

study also focuses on the need for development in terms of requirements as well as the need

to understand the properties of building materials to increase the strength and durability of

compressed stabilise earth bricks against destructive effects.

The history of brick industry is very old and can be traced back to about 5000 years old.

Understanding of the brick microstructure as influenced by the range of temperature during

firing cycle has been enhanced by the experimental work in this area (McConvile et al.,

2005). Earth as a building material is available everywhere and exists in many different

compositions. It is most efficiently used in developing countries to house the greatest number

of people with the least demand. Masonry is one of the most popular materials in many

countries for construction of houses due to its useful properties such as durability, relatively

low cost, wider availability, good sound and heat insulation, acceptable fire resistance,

adequate resistance to weathering and attractive appearance (Jayasinghe and Mallawarachchi,

2009).

Historically, earth has been the most widely known and used building material in

construction and probably has been the most important of all building materials (Legget,



1960). According to Middendorf (2001) recorded cases of the use of earth bricks dates back

to Mesopotamia around 8000 BC. Recent reports indicated that, about half of the world’s

populations are still living in earth buildings (McHenry, 1984). Of all urban housing units

worldwide there are about 25% that does not conform to building regulations while 18% are

considered non-permanent structures (Habitat, 2001).

There are many benefits of earth buildings. For example, earth structures are completely

recyclable, so sun-dried bricks return to the earth without polluting the soil (Rigassi, 1995).

Many benefits that are offered by earth construction are often underutilised in the developed

world where the use of earth as a low-embodied material is often the case (Middendorf,

2001).

The principal reason for using earth is due to its excellent characteristics. These include,

the efficient use of finite resources, minimising pollution and waste and low carbon emissions

especially in industrial countries (Little & Morton, 2001). Stabilised compressed earth

materials are made using graded soils with the addition on hydraulic binder (eg. Portland

cement) either statically or dynamically compacted into moulds to form compressed earth

bricks, or monolithically inside formwork to create rammed earth walls (Hall and Allinson,

2009).

The conventional types can be identified as burnt clay bricks, but compressed  stabilised

peat soils consisting of solid and hollow bricks are alternative types of comparable

performance and appearance which are also more environmental friendly and cost effective.



Actually, most developing countries are facing real housing deficiency (Harison & Sinha,

1995). Therefore, there is an urgent need to construct and build houses that are more durable

at a low cost. In this regard, earth masonry has a long and illustrious record of providing

durable and attractive buildings. Recently, the technology of traditional earth construction has

undergone considerable developments that have enhanced earth’s durability and quality as a

construction material for low-cost buildings (Adam & Agib, 2001).

Buildings made from earth materials can be a way towards sustainable management of

the earth’s resources. They can be put in place using simple machinery and human energy.

Earth buildings avoid high-energy costs in the initial manufacturing and construction period,

in their use as homes, and eventually in their recycling process (Temeemi & Harris, 2004).

Several researches in Malaysia and in the world (Huat, 2006, Wang 2010, Habib and Ferral,

2003) were carried out on the subject of improvement engineering properties of peat soils

using Ordinary Portland Cement as main binder and other binders. Stabilised peats researches

did not show significant improvement to construction materials like bricks or blocks.

Previous research for peat ground was by stabilising peat columns (deep stabilisation)

and shallow peat for embankment purposes.   With regards to the current study, was carried

out concentrating on laboratory investigations of engineering properties, sound insulation and

fire resistance of compressed stabilised peat bricks to formulate a suitable and economical

laboratory mix design which can be used for compressed stabilised peat bricks. In particular,

this study examined the effects of cement type, acceleration and compaction pressure,

siliceous sand on the characteristics of compressed stabilised peat brick at various curing time

periods. Among effective materials used to stabilise peat as bricks are Ordinary Portland

Cement, Portland Pluverised Fuel Ash Cement, and lime.



Stabilisation techniques can be divided into three categories:

 Mechanical stabilisation: compacting the soil and changing its density,

compressibility, permeability and porosity.

 Physical stabilisation: changing the texture properties of the soil. It can be done by

controlling the mixture of different grain fractions, drying or freezing, heat treatment

and electrical treatment

 Chemical stabilisation: changing the properties of the soil by adding other chemicals

or additives.

1.2 The Needs for study

Following increased awareness of climate change issues, it is now generally accepted

that there is an urgent need to limit carbon dioxide emissions into the atmosphere. Large

areas of peat soils in Malaysia and world are not used. Most researches investigate stabilised

earth for brick and block, but no previous research has been conducted for stabilised peat as

construction materials. All aspects should be considered to produce sustainable, durable and

environmental friendly homes and industry constructions.

This study focuses on the positive aspect of chemical binders, sand and pressure to peat

soils as bricks. The fabrication of compressed stabilised peat brick was by investigation of

engineering properties, characteristics of sound insulation and fire resistance. Moreover, the

study was also concerned about stress strain characteristics of compressed stabilised peat

masonry prism.



1.3 The objective of Study

The objectives of this study revolve around five main aspects as drawn below:

 To investigate the basic properties of raw materials involving moisture content; bulk

density, organic content, plasticity, and chemical content were tested.

 To investigate bulk properties of compressed stabilised peat brick as well as monitory

their performance using laboratory tests.

 To conduct laboratory investigation and comparison of engineering properties of

traditional brick and new compressed stabilised brick with emphasis on tests for

strength, water absorption, porosity and density.

 To develop small scale of compressed stabilised peat brick wall for sound insulation

and fire resistance tests.

 To develop and conduct experimental testing of compressed stabilised peat brick

masonry prism in axial compression (stress-strain characteristics) test and back

analysis of tests numerically, using SAP 2000 V. 11, Professional version finite

element software.

1.4 Scopes of Study

This study will focus on compressed stabilised peat bricks that can be better quality,

faster construction, lightweight and economical. These aspects need to be clarified through

literature regarding traditional brick like clay brick and concrete block properties. Thus it will

show the problematic of previous bricks and blocks used and investigate the properties of

compressed stabilised peat brick. The different mix design developed for compressed peat



brick in this present study can be applied at any place in construction, like building walling,

foundations, road construction, edge of bridge etc.

This study will also examine the characteristics of sound insulation, fire resistance and

stress strain characteristics of compressed stabilised masonry prism. It will also determine the

relationship between peat soil, stabiliser type and content and compaction pressure to develop

new bricks for the construction industry.

1.5 Methodology

There is no information available on compressed stabilised peat bricks. Previous

research for stabilised peat has focused more on peat found on ground. This study focuses on

compressed stabilised peat for bricks as construction material. This new technique is to

replace clay brick, reduce the cost and minimise pollution from the atmosphere. The three

main purposes of research activity are the mix design using various binders and compaction

pressures, suitable bricks for environment conditions like sound insulation and fire resistance,

and characteristics of compression compressed stabilised peat masonry prism.

The use of a combination of various approaches was considered to be inevitable. These

approaches included:

Literature review for traditional brick and block (eg, compressed earth block, clay brick

and concrete block) to establish the level of thinking and knowledge and to provide the

intellectual context for the research.

Laboratory experimentation and testing to provide the engineering properties of

compressed stabilised peat brick, which was mix dry screened peat soils sieved through 2.0



mm sieve to remove wooden chips and vegetable fibre with different types of binder,

siliceous sand and water, and then it was compressed inside steel moulds under 6 Mpa and 10

Mpa pressure. The various binders used in the study were Ordinary Portland Cement,

Portland Pluverised Fuel Ash Cement and lime.

After 1 day curing, the samples were demoulded and transferred to a water tank and moist

cured room for various curing.  Two sizes of mould were used in this study, small mould size

(70 x 70 x 70mm ) using to determine the engineering properties of bricks (wet and dry

strength, water absorption, porosity and density), and the big mould size (220 x 100 x

70mm ) was used for preparation walls for sound insulation measurement, fire resistance

and compression of masonry prism tests. Three walls were prepared with different mix design

and plastered for sound insulation and fire resistance tests.  A small scale system was

prepared for sound insulation and fire resistance.

A compressed stabilised peat brick wall between two rooms size 1.2 x 0.9 x 1 m was

installed and the loss of sound transmission was read through the wall. The dimension of

walls for fire resistance and sound insulation testing was 80 x 80 x 12 cm .

The dimension of compressed stabilised masonry prism was 400 x 220 x 10 mm using axial

loading to determine the stress- strain characteristic and deformation of masonry prism.

The study was carried out to investigate compressed stabilised peat bricks using various

binders and pressures. All research testing were performed through laboratory testing.

Computer simulation was performed to verify some experiment test results using SAP2000

finite element analysis software.



1.6 Structure of The Thesis

The body of this thesis consists of six chapters. Chapter 1 provides an introduction to the

whole thesis. It discusses the background to the research and introduces problems of

traditional bricks. It briefly explains the concept of compressed stabilised peat bricks by

chemical binders and siliceous sand. This chapter also summarises the main aims, scopes and

objectives of the research, it briefly emphasises the importance of research for compressed

stabilised peat bricks.

Chapter 2 introduces the fundamental theoretical concepts of properties and

deterioration in compressed earth blocks and clay bricks, sufficient information about

previous research on engineering or durability properties of compressed earth block, clay

brick and concrete blocks, literature review of environment conditions which include sound

insulation and fire resistance. This Chapter will also provide the stress-strain characteristic of

masonry prism. The literature review is vital to provide enough evidence to support the

research.

The research methodology is included in Chapter 3. This Chapter provides details of the

methods and standards used to implement the testing program of the research. Details of

each testing method (basic properties wet and dry compressive strength, water absorption,

density, porosity, sound insulation, fire resistance and stress-strain of compressed stabilised

peat masonry prism).  The number and types of tests involved in the research are described in

this Chapter.



Chapter 4 presents the results and discussions of the research. Findings on the

engineering properties, compression masonry prism of compressed stabilised peat bricks and

focus is on the analysis and comparison of experimental and numerical solutions of masonry

prism of compressed stabilised peat bricks and clay masonry prism in compression tests to

compare the characteristics of stress- strain for masonry prism were solved numerically and

validated with the ones solved experimental problem. SAP2000 software was used to find the

numerical solution to the problems with the finite element method. Comparison of the

experimental results for compressed stabilised peat bricks is made and discussed with

traditional and previous types of bricks and blocks in this Chapter.

In Chapter 5, the effects of sound transmission through single compressed stabilised peat

brick wall by using a small scale of sound transmission loss system is presented. This Chapter

also investigates the rating fire resistance for compressed stabilised peat brick walls with

different mix design and plaster materials.

Chapter 6 concludes the thesis and recommendation for further application of the

research. It summarises the overall findings of the research and provides the best mix design

for compressed stabilised peat bricks. It also highlights the significance of the research

contribution for compressed stabilised peat bricks, which is required to seek alternative

materials for bricks for purposes of the construction industry to solve the problems of

traditional bricks.



CHAPTER 2

LITERATURE REVIEW

2.1 General

Masonry is one of the most popular materials in many countries for construction of

houses due to its useful properties such as durability, relatively low cost, wider availability,

good sound and heat insulation, acceptable fire resistance, adequate resistance to weathering

and attractive appearance. Masonry can be either of conventional types or alternative types.

The conventional types can be identified as burnt clay bricks or cement sand blocks. The

alternative types of comparable performance and appearance can be identified as compressed

stabilised peat bricks.

The prevision of good quality housing is recognised as an important responsibility for the

welfare of people in any country. For this, building materials based on natural resources are

often used. Some examples are the use of clay for making bricks and river sand for making

cement sand blocks. The commercial exploitation of these resources often leads to various

environmental problems.

Soil stabilisation is a technique practical long ago in construction. It permits to modify the

properties of the soil-water-air system and makes them permanent and compatible with

desired applications in construction. There are several types of stabilisation: mechanical



stabilisation, which consists of compacting the soil to increase its density, its mechanical

strength and decrease its permeability and porosity. Stabilised compressed earth materials are

made using graded soils with the addition on hydraulic binder (eg. Portland cement) and

either statically or dynamically compacted into moulds to form compressed earth bricks.

2.2 History of Earth Materials and Traditional Clay Buildings

The history of civilisation is synonymous to the history of masonry. Man’s first

civilisation, which started about 6000 years ago, was evident from the remains of the

Mesopotamians masonry heritage. During those days, masonry buildings were constructed

from any available material at hand. The Mesopotamians used bricks, made from alluvial

deposits of the nearby River Euphrates and Tigris to build their cities beside two rivers.

Where civilisation existed in the vicinity of mountains or rocky outcrops, stone was used. The

Egyptian pyramids that existed along the rocky borders of the Nile valley were examples of

such stone masonry. In the Eastern civilisation remains of historical masonry is the reputed

Great Wall of China, which is considered as one of the seven construction wonders in the

world.

The clay mines are not properly filled up; they can collect water and allow mosquitoes to

breed. Extensive sand mining can lower the river- beds and allow salt-water intrusion inland.

Therefore, the development of as many alternative walling materials as possible will be of

immense benefit to minimise the impact on the environment. Earth can be used for

construction of walls in many ways. However, there are few undesirable properties such as

loss of strength when saturated with water, erosion due to wind or driving rain and poor



dimensional stability. These draw backs can be eliminated significantly by stabilising the soil

with a chemical agent such as cement.

The early forms of masonry application in Malaysia dates back to approximatly 350

years ago with the construction of the Stadthuys in Malacca, built by the Dutch in 1650. The

British who colonised the Malaysia Peninsula initiated a more modern form of masonry

construction. Brickwork buildings were at that time built specially for government offices,

quarters and residential homes. The administrative block, Sultan Abdul Samad building built

in 1894 and given a face-lift during the Fourth Malaysia Plan (1981- 1985) is an example of a

masonry heritage, which stands as a remarkable landmark of Kuala Lumpur (see Figure 2.1)

Figure 2.1: Sultan Abdul Samad building Kuala Lumpur (1894)

Earth has been used in the construction of shelters for thousands of years, and

approximately 30% of the world’s present population still lives in earth dwellings (Coffman

et al., 1990). A large quantity of energy is consumed to manufacture fired bricks and cement

for the building industry. This generates a large quantity of greenhouse gases which can

destructive to the environment. Earth is a cheap, environmentally friendly and abundantly

available building material. It has been used extensively for wall construction around the



world, typically in developing countries. Mud structures are able to perform satisfactorily

under certain environmental conditions. However, mud walls have a tendency to erode under

impact of rain and can collapse when exposed to continuous rain for several hours. Water is a

serious factor for mud brick deterioration. Absorption of water causes the swelling of clay

minerals while evaporation of water from the clay gives rise to shrinkage and cracking.

Therefore, mud buildings which are not protected suffer greatly from durability problems due

to water penetration and evaporation.

Earth structures may be protected by the design of the roof and veranda of the building

to offer protection from weathering. In order to improve the durability of exposed mud

buildings, cement has been used to stabilise the mud brick by mixing up to 15% cement with

soil (Bryan, 1988; Middleton, 1992).

Earth building in Spain has been used from ancient times. Generally speaking, it can be

stated that it was stopped being used in the middle of the developed century. Nowadays, it is

ignored and even underestimated, in part due to the fascination for modern materials such as

concrete, bricks or steel. We can find examples in almost all parts of the country, but in the

central area it is especially easy to find examples of earth buildings in any small town. It is

noticeable in the Tierra de Campos district, shared by the provinces of Leon, Zamora,

Valladolid and Palencia. Traditional earth buildings, such as dovecotes or huts, found in the

rural areas of Castilla-Leon can be found through Ponga (Carmen and Ignacio, 2005).

The ancient earth building technique known as rammed earth produces dense, load-

bearing walls by dynamically compacting moist sub-soil between removable shuttering to

create an in-situ monolithic compressed earth wall that is both strong and durable.



There has been much rammed interest in modern rammed earth construction throughout

the world as a highly sustainable alternative construction material. In areas of certain

developed countries, such as the south-west region of the United States and Western

Australia, rammed earth is currently experiencing a renaissance that is unparalleled anywhere

else in the world (Hall, 2004; Easton, 1996).

2.2.1 Clay brick

Firing of clay bricks produces a series of mineralogical, textural, and physical changes

that depend on many factors and influence porosity. As an example, grain size is a significant

parameter, since ceramics manufactured with a high sand fraction tend to be very porous and

permeable (Warren, 1999). Significant variations in the composition or concentration of

mineral phases also cause changes in the pore system (Valdeo et al., 1993). It has been

shown, for instance, that a high proportion of calcite produces more porous ceramics due to

its high temperature (T) decomposition and the release of CO . Esbert et al (1997) reported

that the physical–chemical changes that occur during firing are partly responsible for volume

changes in ceramics.

These changes comprise rapid, uneven expansion and contraction associated with

chemical–structural changes that can show up as exothermic or endothermic reactions.

(Singer, 1963) Generally, products fired at high temperature are more vitreous and undergo

the greatest changes in size and porosity (Whiteley, 1977; Delbrouck et al., 1993; Whittemore

and Halesy, 1983). Contraction and, consequentially an excessive reduction in porosity

during the firing of raw clay, can be reduced by mixing it with brick dust obtained by firing



the same clay. The added brick dust does not cause changes in the mineralogical composition,

and its volume is not reduced during the second firing. (Fabbri et al., 1997) On the other

hand, porosity can be increased without altering the composition by adding to the clay a

material that will calcinate completely, for example, coal powder (Esbert et al., 1997).

Bricks have been used over 5000 years as construction material throughout the world.

Today, the bricks are still being used for the same purpose. As urbanisation expands, demand

for bricks gradually increases (Prasertsan and Theppaya, 1995). Although brick is a building

material of excellent durability, the quality of bricks is still a major concern in most places in

the world. Data regarding the properties of masonry components like bricks are abundant, but

there is still much to learn about bricks (Beamish and Donovan, 1993).

Chemical and structural modification of clay material during firing generally improves

mechanical strength and durability of bricks (Murad and Wagner, 1998). Physical and

chemical properties of the bricks are determined by the properties of the minerals present in

the clay material, and the intensity of the heat they are subjected to (Jordan et al., 1999). The

temperature required for firing varies with the clay material and density, degree of hardness

and colour desired. The same clay can yield different results when fired at varying

temperatures. When clay bricks are heated to a high temperature, a series of chemical

reactions occur in the clay, which make the brick permanently hard, durable and resistant to

weathering. Temperatures of 900 ℃ and above cause vitrification to occur. This means that a

small quantity of glass-like material forms which helps glue all the elements in the clay

together. Therefore, the final quality of the brick depends mainly on the degree of verification

(Beamish and Donovan, 1993).



2.3 New Techniques of Stabilisation

Following increased awareness of climate change issues, it is now generally accepted

that there is an urgent need to limit carbon dioxide emissions into the atmosphere. During the

fired earth brick manufacturing process for example, several gases (CO etc.) are typically

released from the brick kilns (US EPA, 2003). These emissions are becoming a major

environmental concern for many countries including Malaysia. Thus, this new technology

focusing on stabilised earth masonry brick development incorporating an industrial by-

product material is vital for the future of construction in many countries. The stabilised earth

masonry brick technology relies on the use of an activated industrial by-product (Ground

Granulated Blast-furnace Slag – GGBS) and natural earth. Due to the use of a by-product

material in the formulation, it is anticipated that the final pricing of the stabilised earth

masonry building brick will be reduced. The added environmental advantages of utilising

industrial by-products available in the development countries, will further improve the

sustainability profile of masonry brick production.

The use of a cement replacement material (GGBS) with a lower environmental burden

offers opportunities for significant reductions in energy use and carbon dioxide emissions.

One of the most effective alternatives to Portland cement is GGBS, which has the potential to

typically replace up to 80 percent of the Portland cement (Oti et al., 2008a). GGBS has

extremely low energy usage and CO emission when compared with OPC. The energy usage

of 1 tons of GGBS is 1300 MJ, with a corresponding CO emission of just 0.07 tons  while

the equivalent energy usage of 1 ton of PC is about 5000 MJ (Higgins, 2007), with at least 1

ton of CO emitted to the 213 atmosphere (Wild, 2003).



Literature review on stabilised earth masonry bricks and blocks revealed that there is a

growing interest in stabilised earth building materials development with respect to an energy

conscious and ecological design, which fulfils all strength and serviceability requirements for

thermal transmittance. Researcher have (Heathcote, 1991; Walker, 2004; Jayasinghe and

Kamaladasa, 2007) conducted studies on compressive strength and erosion characteristics of

earth blocks and rammed earth wall. The work by Jayasinghe and Mallawaarachchi (2009)

was on flexural strength of compressed stabilised earth masonry materials. Reddy et al.

(2007) reported on enhancing bond strength and characteristics of soil-cement block

masonry. This resurgence of renewed research interest in recent years in stabilised earth

building bricks may be partially due to its potential as a commercial construction material.

The fact that a single element can fulfill several functions including structural integrity,

thermal transmittance and durability in service makes the material an excellent walling

material when compared to the fired earth bricks used in mainstream construction of today.

High CO emission of manufacturing fired earth masonry bricks which is currently a

significant contributor to the final cost of building components. This high cost is currently

being transferred to the consumer, thus indirectly affecting the building industry and the

economy in general.

As part of a global agreement, to significantly reduce emissions in the built environment,

new sustainable engineering materials research and development which is aimed at

improving the efficiency of the building sector, could make a contribution towards achieving

emissions targets. Another sustainability issue is the current lack of significant engagement

regarding the building industry utilisation of by-product materials from various industrial



processes. It should be noted that the use of activated slag (GGBS) with natural earth in

building components (outside the normal use in concrete applications) is recommended.

2.3.1 Soil Stabilisation

2.3.1.1 Background of Peat Stabilisation

Peat contains a significant amount of organic materials. Peat is well known to deform

and fail under a light surcharge load, and it is characterised with low shear strength, low

compressibility and high water content (Huat, 2004).

Figure 2.2: Scanning Electron Microscopy of peat soil (Huat, 2004)

Peat is described as a naturally occurring highly organic substance derived primarily from

plant materials. Figure 2.2 presents the Scanning Electron Microscopy of Malaysia peat soils.

The brownish, fibrous and partially decomposed peat is termed fibric and hemic, and is

highly humified. The black and powdery peat is termed sapric. The total tropical peat land in

the word amounts to about 30 million hectares. In Malaysia, some 3 million hectares of the



country’s land area is covered with peat. Peat soils are extremely soft and unconsolidated

superficial deposits constituting the subsurface of wetland systems (Huat, 2004). These soils

are geotechnically problematic due to their very high compressibility and very low shear

strength (Duraisamy et al., 2007). They are usually very difficult to access as the water table

is often at, near, or above ground surface.

Peat soils have large surface area (approximately 200 m , high negative charge and high

CEC (100-300 cm l + /kg), and high water holding capacity (4 - 5 times its mass). The bulk

densities of peat soils are in the range of 0.8-1.2 Mg/m . Their quantity is indirectly

correlated to the grain-size. The fibre contents can be low on top of the peat soils because of

declining of water table level in evaporative periods and severe oxidation conditions (Huat,

2004).

The decomposition processes of organic soils include enzymes as well as chemical and

biological processes. Water logging poor anaerobic and acidic conditions affects the

decomposition process (Yule and Gomez, 2008). There is a distinct relationship between

CEC, organic matter and decomposition degree as well. While the decomposition degree

decreases, the organic matter and consequently, the CEC increases (Dengiz et al., 2009).

Stevenson (2000) reported that four types of organic matter exist: (i) humins, (ii) humic

acids, (iii) fulvic acids, and yellow organic acids. Humic acids are larger and more aromatic

than fulvic acids. Fulvic acids are more water soluble and more oxygenated than humic acids.

It is noteworthy that fulvic acids have more total acidity and more carboxylic acid functional

groups than humic acids.



In Malaysia, the depth of the peat ranges from less than a metre up to 25 m, depending on

location (Hooijer, 2006). The high temperatures (up to 32ºC) of the tropics have previously

been cited as a reason for rapid decomposition processes (Mathuriau and Chauvet, 2002).

Tropical peat typically develops at a rate of between 2 and 5 mm per year. The mean annual

rainfall in the region ranges from 1,500 mm to over 2,500 mm with approximately 1,750 mm

near the coast to 2,750 mm in the inland areas (Yule and Gomez, 2008).

In the peat soils with lower organic content, mineral portion can be a key role of the soil

behaviour. Weathering is the principal process that acts upon the earth’s primary minerals to

form the smaller and finer particles. There are two types of weathering: physical and

chemical weathering. In the tropics, chemical weathering is very important. Since the climate

is typically warm and moist year-round, it provides a suitable environment for continuous

chemical weathering to occur. Overtime, with sufficient amounts of rainfall and warm

temperatures, mineral particles weather into smaller soil particles. As a result, tropical soils

tend to be highly weathered soils (Huat, 2004; Deepthy and Balakrishnan, 2005).

Huat et al. (2006) investigated the clay fractions of many advanced weathered soils on

old land surfaces of humid and hot tropical regions which are dominated by kaolinite,

aluminium oxides (gibbsite), iron oxides (goethite, hematite), and titanium oxides (anatase,

rutile, ilmenite). The higher the intensity of rainfall in tropical regions, the higher is the

infiltration rate through the soil Thus, the cations Na, K, Ca, Mg, Fe, and silica are removed

from topsoil due to leaching.

2.3.1.2 Fundamental Concept of Soil-Cement Stabilisation



Cement is mainly composed of Lime (CaO) and Silica (SiO ), which react with each

other and the other components in the mix when water is added. This reaction forms

combinations of Tri-calcium silicate and Di-calcium silicate referred to as C S and C S in the

cement literature, (Akroyd, 1962; Lea, 1970; Neville, 1995). The chemical reaction

eventually generates a matrix of interlocking crystals that cover any inert filler and provide a

high compressive strength and stability.

When the pore water of inorganic soil interacts with Ordinary Portland Cement, hydration

of the cement occurs rapidly, and the major hydration (primary cementation) products are

hydrated calcium silicates(C S H ) ettringite (C A S H ), monsoulfate (C ASH ), and

hydrated lime C-H (Janz and Jahonsson, 2002). The addition of water to Ordinary Portland

Cement initiates a chemical process known as hydration. In hydration, and hard cement past

is produced as a result of chemical reactions that create a system of interlocking crystals that

weave the material together (Elbadri, 1998). According to Albadri (1998), it is not the cement

itself but the mixture of cement and water that form the binding agent. When a cement

particles undergoes hydration extremely fine-pored cement gel forms around the particle

(Janz and Johansson, 2002).

The presence of chemically combined water (water crystalisation) in cement gel and its

porous nature indicates that the volume of cement gel is greater than that of cement particle

prior to hydration, Hence, during the reaction between cement and water in the soil, the

cement gel would gradually fill the void spaces between cement and soil particles. The

cement gel would bind the adjacent cement grains together during hardening and form a

hardened skeleton matrix, which encloses unaltered soil particles (Bargado et al., 1996).



Eventually, the soil-cement past would grow denser and stronger with lime. If such cement

particles are widely separated from each other, this results in a high porosity and low strength

of soil-cement past. Since the strength of the soil-cement past is dependent primarily on its

porosity, a measure of water to cement ration (wcr) can give an indication of its strength. The

water to cement ratio is give in Equation 2.1 (Wong, 2010).

wcr =
C
W (2.1)

Where W is the weight of mixing water (kg) and C is the weight of cement (kg).

The water used to mix the concrete plays an important role both in placing the material and in

achieving strength. The quantity of water used is typically calculated using an appropriate

“water-cement ratio”. The minimum water/cement volume ratio is between 0.22 and 0.25

(Akroyd, 1962), for adequate cement hydration, but this is generally increased to the order of

between 0.5 and 0.8 for normal mixes (Lea, 1970).
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