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ABSTRACT

Soft marine and/or swampy soils are, generally, abundant in Malaysia and
problematic in nature due to their very low shear strength. Therefore, remedial
actions are, always, required to tackle this problem. The objective of this project is to
study the effects of the use of lime as a stabilizer for soft marine and/or swampy
soils. A research approach and an experimental approach was used to overcome this
problem. A soft soil sample from Ipoh was tested using soil classification tests,
compaction and unconfined compression tests. Lime dosages of 0%, 2%, 4%, 6%
and 8% were added to the soil sample with moisture contents of 25%,30%,and 35%.
The trend of the graphs were observed.The graphs stopped at 8% lime. For the
graphs which did not show the optimum value, further testing is required using more

percentages of lime such as 10%, 12% and so on.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

Lime is a calcium based substance with the capability of neutralizing soil acidity. Most
soils contain appreciable amounts of acidic components (hydrogen H' and aluminum
Al™) that can be toxic to plants. Indeed, lime is the "anti-acid" for soils. No soil
amendment provides as many benefits as lime. Lime raises soil pH, providing a more
favorable environment for microorganisms. Dolomitic lime provides the major portion of
calcium and magnesium required for plant growth. Furthermore, plants utilize applied

fertilizers more efficiently on soils that are properly limed (6).

Soil stabilization may be broadly defined as the alteration or preservation of one or more
soil properties to improve the engineering characteristics and performance of a soil. Soil
stabilization can be examined in terms of stabilization methods, the types and selection of

various chemical stabilizers used in soil stabilization (7).

Shear strength of soil refers to its ability to resist shear stresses. Shear stresses exist in a
sloping hillside or result from filled land, weight of footings, and so on. If a given soil
does not have sufficient shear strength to resist such shear stresses, failures in the forms

of landslides and footing failures will occur (1).

This study is proposed to determine the effect of lime on the shear strength of soft soils
and the practical economical aspect of this stabilization to determine the optimum

percentage needed.




1.2 PROBLEM STATEMENT

Soft marine and swampy soils are, generally, abundant in Malaysia and problematic in
nature due to their very low shear strength. Remedial actions are always required to
tackle this problem. In this project lime was added to the soft soil to observe its effects on

the shear strength of the sample.

1.3 OBJECTIVES/SCOPE OF STUDY

The main objective of this project is to study the effects of the use of lime as a stabilizer

for soft marine and/or swampy soils. The other objectives of this project are to:

1. Investigate the potential of lime as an additive to improve the shear strength of soft

marine and/or soft soils.

2. Observe the practical and economical aspect of this stabilization to determine the

optimum percentage needed.




CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 SOIL TREATMENT, IMPROVEMENT, STABILIZATION

Soil improvement is frequently termed soil stabilization which in its broadest sense is the
alteration of any property of a soil to improve its engineering performance. It is a
physical means whereby a soil can have its physical properties improved to increase
bearing capacity, increase soil shear strength, decrease settlement, reduce compressibility

and reduce soil permeability (6).

Soil improvement may be a temporary measure to permit the construction of a facility or
it may be a permanent measure to improve the performance of the completed facility.
Soil stabilization can also be used to improve the properties of a natural soil by
preloading the soil or by adding other special soils (mechanical stabilization), chemical
additives(chemical stabilization), or some kind of fabric materials (geosynthetics) to the
soil (6).

Soil improvement techniques can be classified in various ways, according to the nature of
the process involved, the material added, the desired result, etc. For example, on the basis
of process we have mechanical stabilization, chemical stabilization, thermal stabilization

and electrical stabilization (6).




2.1.1 MECHANICAL STABILIZATION

This is the process of altering soil properties by changing the gradation through mixing with
other soils, densifying the soils using compaction efforts, or undercutting the existing soils
and replacing them with granular material. A common remedial procedure for wet and soft
subgrade is to cover it with granular material or to partially remove and replace the wet
subgrade with a granular material to a pre-determined depth below the grade lines. The
compacted granular layer distributes the wheel loads over a wider area and serves as a
working platform. To provide a firm-working platform with granular material, the following
conditions shall be met.

1. The thickness of the granular material must be sufficient to develop acceptable pressure
distribution over the wet soils.

2. The backfill material must be able to withstand the wheel load without rutting.

3. The compaction of the backfill material should be in accordance with the Standard
Specifications.

Based on past experience, usually 6 to 12 in. (150 to 300 mm) of granular material should be
adequate for subgrade stabilization. However, deeper undercut and replacement may be
required in certain areas. The undercut and backfill option is widely used for construction
traffic mobility and as a working platform. This option could be used either on the entire
project or as a spot treatment. The equipment needed for construction is normally available

on highway construction projects (7).

2.1.2 CHEMICAL STABILIZATION

The transformation of soil index properties by adding additives such as cement, fly ash, lime,
or a combination of these, often alter the physical and chemical properties of the soil
including the cementation of the soil particles. There are two primary mechanisms by which
chemicals alter the soil into a stable subgrade:

1. General increase in particle size by cementation, reduction in plasticity index, hydraulic
conductivity, and shrink/swell potential.

2. Absorption and chemical binding of moisture that will facilitate compaction (7).




The reaction of a soil-lime or a soil-cement mixture is important for stabilization and design
methodology and shall be based on an increase in the unconfined compression strength test
data. To determine the reactivity of the soils for [ime-stabilization, a pair of specimens of 2
in. (50mm) diameter by 4 in. (100 mm) height (after mixing at least 5% lime by dry weight
of the natural soil) is prepared at the optimum moisture content and maximum dry density
(AASHTO T99). These specimens are cured for 48 hours at 120°F (50°C) in the laboratory
and tested as per AASHTO T 208. The strength gain of lime-soil mixture must be at least 50
psi (350 kPa) greater than the natural soils. A strength gain of 100 psi (700 kPa) of a soil-
cement mixture over the natural soil shall be considered adequate for cement stabilization
with 3% cement by dry weight of soils and tested as described above. In case of soils

modification, enhanced subgrade support is not accounted for in pavement design (7).

2.1.3 COMPACTION

The process of densifying, i.e, compacting soil is the oldest and most important method of
soil stabilization. Compaction alone will often solve a patticular soil problem and is usually
the most economical of the techniques available. In addition to being used alone, compaction
constitutes an essential part of a number of the other methods of stabilization.

In compacting any particular soil, the engineer can vary moisture content, amount of
compaction energy, and type of compaction. Compaction characteristics of the soil can also
be varied by means of chemical additives. A considerable amount is known about the effect
of moisture content and amount of compaction on the properties of the compacted soil. The
most desirable combination of the placement variables depends on the particular soil and the

particular set of properties desired (13).




2.2 SOIL CLASSIFICATION

The principal objective of soil classification is the prediction of engineering
properties and behavior of a soil based on a few simple laboratory or field tests. The
results of these tests are then used to identify the soil and put it into a group of soils that
have similar engineering characteristics. Soils seldom exist in nature separately as sand,
gravel, or any other single component. Soils usually form mixtures with varying
proportions of different size particles. Each component contributes to the
characteristics of the mixture. Several methods of soil classification have been developed
and used. The Unified Soil Classification System (USCS), is, probably, the widest used.
The USCS is based on the textural or plasticity-compressibility characteristics that
indicate how a soil will behave as a construction material. In the USCS, all soils are
divided into three major divisions: (1) coarse grained, (2) fine grained, and (3) highly
organic, Coarse-grained and fine-grained soils are distinguished by the amount of
material that is either retained on or that passes a No.200 sieve. If 50 percent or more
of the soil by weight is retained on a No.200 sieve, then the soil is coarse-grained. It is
fine-grained if more than 50 percent passes the No. 200 sieve. Highly organic soils can
generally be identified by visual examination. The major divisions are further
subdivided into soil groups. The USCS uses 15 groups and each group is distinguished
by a descriptive name and a letter symbol. The letter symbols are derived either from the
Descriptive terms of the soil fractions, the relative value of the liquid limit (high or

low), or the relative gradation of the soil (well graded or poorly graded)(13).

A soil that is composed entirely of gravel is designated gravel; if it contains some sand
but is composed predominantly of gravel, it is designated sandy gravel. Thus the terms
sand and gravel are used singly or in combination to designate granular soils.

A soil is considered fine grained if its individual particles cannot readily be distinguished
with the unaided eye. The two soil types that comprise the fine grained group-silt and
clay-may be similar in appearance but they exhibit markedly different physicat
properties. Fine grained soils whose engineering properties warrant the designation clay
can be made to exhibit plastic properties by adjusting their water content and they wilt

acquire considerable strength when air-dried. Conversely, those that warrant the




designated silt cannot be made plastic and have little or no strength when air-dried. This
circumstance not only provides the basis for defining the terms silt and clay but also
affords a simple means for distinguishing between these two types of fine grained soils.
Accordingly, a fine grained is designated clay, it it can be made plastic by adjusting its
water content and if it exhibits considerable strength when air-dried. If it cannot be made
plastic and if it exhibits little or no strength when air-dried it is silt (9).

In general, a fine grained soil will consist of some combination of clay-like and silt-like
constituents. There is no simple, direct method (suitable for routine identification
purposes) by means of which these constituents can be separated quantitatively. Hence
the terms silt and clay are used in a qualitative rather than a quantitative sense (9).

The degree to which the soil is plastic is expressed by a combination of the terms silt and
clay (9).

The term organic, as applied to soils, designates those soils containing an appreciable
amount of decayed animal and/or vegetable matter in various states of decomposition. All
organic soils, be they peat, organic silts, organic clays, or even organic sands, should be
viewed with suspicion as foundation and construction materials. Certain types of organic
matter may not be detrimental, but others may be objectionable for three reasons: they
reduce the load sustaining qualities of the soil; they increase its compressibility; and they
frequently contain toxic gases that are released during the excavation process. Although
organic soils can generally be identified readily, the variable nature of the effects of
organic materials on the physical properties of soils cannot always be adequately
appraised solely on the basis of field inspection. When these soils are encountered in
practice, laboratory tests are usually in order (9).

In addition to the terms gravel, sand, silt and clay, which form the basic elements of a soil
name, it is necessary to depict significant detail so that the description of a given soil will
convey as complete a picture as possible to one who has not had the benefit of examining
it first hand. The physical characteristics of soils that are important from an engineering

point of view and relevant to this project are discussed as follows:




Fine Grained Soils

a) Plasticity

Is an arbritrary term commonly used to express the inherent behavior characteristics of
fine grained soils.The term has no meaning unless the method of measurement is defined,
and it should not be assumed(as it often is) that is the arbitrary measure of soil

characteristics necessarily has a direct relationship to the engineering properties of fine

grained soil deposits (9).

Figure 1: Plasticity Index Chart

The Plasticity index is important in classifying fine-grained soils. H is fundamental to the
Casagrande plasticity chart (Figure 1).The chart shows the relationship between Plasticity

Index(P.T) and Liquid Limit(LL) and provides information about the nature of cohesive

soils.




Ip=WyL - Wy,

Table 1: Description of Plasticity Index, I,

Description I
Non-plastic 0
Slightly Plastic 1-5
Low Plasticity 5-10
Medium Plasticity 10-20
High Plasticity 20-40
Very High Plasticity >40

Table 2: Description of Liquid Limit, Wy,

Description WiL
Low Plasticity <35
Intermediate Plasticity 35-50
High Plasticity 50-70
Very High Plasticity 70-90
Exiremely High Plasticity >90
b) Natural Water Content

In deposits of claylike soils, the natural water content generally varies considerably, the
more plastic portions of the deposit having the higher water contents. For the
identification and grouping of soils with similar inherent characteristics, the Casagrande
system has been eminently successful. However, it is not well adapted for use as a system
for rating the relative performance of fine grained soils, because the behaviour of very
few structures is directly reflected by the remolded compressibility and permeability of

the soils involved (9).




¢) Maximum Dry Density and Optimum Moisture Content

¢ Maximum density: The maximum density of a material for a specific compactive

effort is the highest density obtainable when the compaction is carried out on the

material at varied moisture contents (5).

* Optimum moisture content: The optimum moisture content for a specific

compactive effort is the moisture content at which the maximum density is

obtained (5).
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MAXMUM DRY DENSITY :1935kg/m?
OPTIMUM MOISTURE CONTENT: 10,8 %

FIGURE AT/

Example of a moisture-dansity relationship curve

Figure 2: Example of moisture-density relationship curve

d) Strength Tests

¢ Vane shear test

Useful method of measuring the shear strength of clay. It is a cheaper and quicker

method. The test can also be conducted in the laboratory. The laboratory vane shear

10




test for the measurement of shear strength of cohesive soils, is useful for soils of low
shear strength (less than 0.3 kg/cmz) for which triaxial or unconfined tests can not be
performed. The test gives the undrained strength of the soil. The undisturbed and

remoulded strength obtained are useful for evalvating the sensitivity of soil (3).

+ Unconfined Compression Test

Unconfined Compression is a special type of Unconsolidated Undrained test and is

used if the soil under test has a very low permeability (8).

o Triaxial Test

The triaxial test is the most common and versatile test used to determine the stress-

strain properties of soil (8).

o California Bearing Ratio{CBR)

The California Bearing Ratio (CBR) test is penetration test meant for the evaluation
of subgrade strength of roads and pavements. The results obtained by these tests are
used with the empirical curves to determine the thickness of pavement and its
component layers. This is the most widely used method for the design of flexible

pavement (5).

¢ Direct Shear Test

The direct shear test is the oldest form of shear test upon soil, first used by Coulomb
in 1776 and is widely used to study the strength of an over-consolidated clay at very

large strains, i.e., ultimate strength and residual strength (8).
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2.3 SOFT SOILS IN MALAYSIA

Within the Peninsular Malaysia, the Malaysian Highway Authority (MHA) encountered a
deep soft marine clay in the southern stretch of the highway which was called Muar flat.
The problem was that the soft clay failed when loaded with embankment for the highway.
To seek the best method of soil treatment or improvement, the MHA organized a
competition among the contractors. Each contractor was given a 50m stretch to treat the
soil and build embankment on it with the criteria that the total settlement of the
embankment should be less than 100mm, six months after its construction . The
performance of the embankment and the underlying soil were monitored. Initially twelve
contractors participated but finally only six were left standing. The major outcome of this
trial embankment exercise was that voluminous of data for the behavior of soft marine
clay were collected some of which already analyzed and were presented in two

conferences (3).

As for the west coast of Malaysia, peat deposits, covering about 13% of the land area of
Sarawak amounting to around 16,500 km2 , has been investigated by various agencies
and from workers each from their own perspectives. In an effort to understand peat,
workers from various disciplines have studied it from their own perspectives. The
geotechnical standpoint, although concerning itself with aspects peculiar to it, has had to,
now and then, resort to other research findings such as that of soil science to augment its

understanding of this soil material (3).

Sarawak has the largest peat area in Malaysia of which about 90% is more than 1 m in
depth . The essential thing to note is that peat here is identified from the soil sciences
perspective prior to 1982 where soil with more than 35% of organic matter content were
described as peat and this will be seen later differs from the geotechnical perspective.
Another point to take heed of here is that the thicknesses of some of these peat deposits
are too shallow to be of any impendence to construction. The Soil Map of Sarawak, on
the scale of 1: 500,000, 1968, based on a classification of Sarawak soil, 1966 and
subsequent amendments shows the extent of this peat. This is also the latest soil map

availtable for the state (at this scale) that shows areas under peat. Of interest for

12




geotechnical work will be the latter of two depth categories i.e. mainly shallow peat soils
{< 1 m) and mainly deep peat soils (> 1 m} shown on this map as the problematic terrain

would occur in this category of peat (3).

Peat in coastal lowlands lies between the lower stretches of the main river courses. Some
small pockets of peat also occur in poorly drained interior valleys. The former are
referred to as basin peats while the later are called valley peats. In fact, at one time the
peats or organic soils (as they were equivalent terms then) were divided on the basis of

their place of occurrence into basin and valley peats (3).

Peat commonly occur as extremely soft, wet, unconsolidated superficial deposits ‘
normally as an integral part of wetland systems. They may also occur as strata beneath
other superficial deposits. The term peat is described as a naturally occurring highly
organic substance derived primarily from plant materials. It is formed when organic
(usually plant) matter accumulates more quickly than it humidifies (decays). This

usually occurs when the organic matter is preserved below a high water table like in
wetlands. Peats are therefore superficial deposit or soils with high organic matter content.
However, the cut-off value of the percentage of organic matter necessary to classify a
superficial deposits or soil as peat varies throughout the world, usually depending on the
purpose of classification. This cut-off value also serves to differentiate peat from

superficial deposits or soils with lesser amounts of organic matter content.

On the other hand, organic soil is an analogous term for superficial deposits or soil that

contains organic matter. Soils with organic matter in it have undergone a change in

perception accompanied by a change in terminology particularly in the discipline of soil
sciences itself. Peats and organic soils, both terms used for describing soils with an |
organic content, were used in soil sciences at separate times and today these terms have |

also come into engineering literature. These different perspectives are related below:

13



Organic soils: the soil science perspective Prior to 1982

(1) the term peat was used for organic soils prior to this date and an exclusive definition
of peat was used in Sarawak (requirement of more than 35% organic matter content vis-a-
vis an organic matter content of 65% as was normally used.

(iiy All organic soils in Sarawak were classified as peat and peat was not a category of
organic soils.

(iii) That soil requires to have organic matter content of above 35% to be considered as

organic soils in the first place and they were right away called peats (3).

Organic soils: the geotechnical perspective

Most soil classifications for engineering purpose are woefully inadequate in their dealing
with organic soils and peats. As is the objective, engineering soil classification strive to
group materials with similar properties together. It is pertinent to note that the
engineering perspective of organic soils and peat, however, retains the organic matter as a

deterministic criteria for recognizing and defining organic soils and peats (3).

Clay soil is a variable and complex material, but because of its availability and low cost it
frequently is used for construction purposes. At a particular location, however, a clay soil
may not be wholly suitable for the desired purpose. This soil usually possesses medium
or high or even very high plasticity and therefore presents soil which would be likely to

be more suspect as far as construction is concerned.

In relation to the above problematic soils (swelling or soft) contain clay minerals
that exhibit medium to high volume change upon wetting. The large volume
change upon wetting causes extensive damage to structures, in particular, light
buildings and pavements. This volume change depends upon the portion and type

of expanding clay mineral in a clayey soil (3).
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2.4 LIME STABILIZATION

Lime is an excellent choice for short-term modification of soil properties. Lime can

modify almost all fine-grained soils, but the most dramatic improvement occurs in

clay soils of moderate to high plasticity. Modification occurs because calcium cations

supplied by the hydrated lime replace the cations normally present on the surface of the

clay mineral, promoted by the high pH environment of the lime-water system. Thus, the

clay surface mineralogy is altered, producing the following benefits (12):

¢ Plasticity reduction

Reduction in moisture-holding capacity (drying)
Swell reduction
Improved stability

The ability to construct a solid working platform

Lime is produced from natural limestone, and the particular type of lime formed depends

upon the parent material and production process. There are five basic types of lime:

High calcium guicklime-CaO

Dolomitic quicklime-CaO + MgO

Hydrated high calcium lime- Ca(OH)2

Normal hydrated dolomitic lime-Ca(OH)2+MgO
Pressure-hydrated dolomitic lime-Ca(OH)2+Mg(OH)2

The most commonly used forms in soil stabilization are the hydrated limes, also called

slaked limes. In addition to being used alone as a soil stabilizer, lime is also used in the

following admixtures:

s Lime-fly ash (hydrated lime,4 to 8 percent of the soil weight, plus fly ash,8 to
20 percent of the soil weight)
¢ Lime-portland cement

e Lime bitumen

15 i




Lime stabilization of soils can be used in the following situations:
o If materials are unacceptably wet or plastic
e When improved workability and compaction properties are needed.
e When greater soil strength and stability is required.
e Where off site disposal need to be avoided.
e When materials up to sub-base quality are required from in-situ soils.
¢ Where temporary works and haul roads are needed.
¢ Where there is a need to encapsulate difficult materials.

¢ On sites easily affected by adverse weather conditions.

2.4.1 LIME SOIL WATER REACTIONS

There are two types of chemical reactions that occur when lime is added to wet soil. The
first, occurring almost immediately, is a colloidal-type reaction involving any of the three
following :ion exchange of calcium for the ion naturally carried by the soil; a depression
of the double layer on the soil colloids because of the increase in cation concentration in
the pore water; and an expansion of the double layer of the soil colloids from the high pH

of the lime.

The second reaction, requiring considerable time, is a cementing action. The cementing
action, also called pozzolanic action, is not completely understood, but is thought to be a
reaction between the calcium from the lime with the available reactive alumina or silica

from the soil. This reaction can often be improved by adding a material high in reactive

alumina or silica such as fly ash (9).

2.4.2 EFFECTS OF LIME ON SOIL PROPERTIES |
Lime has the following effects on soil properties (9): |
Plasticity

Lime generally increases the plasticity index of low-plasticity soils and decreases the
plasticity index of highly plastic soils. By reducing the plasticity of plastic soils, lime

tends to make the soil friable and more easily handled in the field.

16



Density
Lime generally causes a reduction in the maximum compacted density and an increase in

the optimum molding water content.

Strength

In general, lime increases the strength of almost all types of soil.

2.5 LIME MANUFACTURING

Lime is the high-temperature product of the calcination of limestone. Although limestone
deposits are found in every state, only a small portion is pure enough for industrial lime
manufacturing. To be classified as limestone, the rock must contain at least 50 percent
calcium carbonate. When the rock contains 30 to 45 percent magnesium carbonate, it is
referred to as dolomite, or dolomitic limestone. Lime can also be produced from

aragonite, chalk, coral, marble, and sea shells (8).

Lime is manufactured in various kinds of kilns by one of the following reactions:

CaCO + heat = CO + CaO (high calcium lime})
CaC03.MgCO3 + heat -2 2CO + Ca0.MgO (dolomitic lime)

In some lime plants, the resulting lime is reacted (slaked) with water to form hydrated
lime. The basic processes in the production of lime are: (1) quarrying raw limestone; (2)
preparing limestone for the kilns by crushing and sizing; (3) calcining limestone; (4)
processing the lime further by hydrating; and (5) miscellaneous transfer, storage, and

handling operations.

The heart of a lime plant is the kiln. The prevalent type of kiln is the rotary kiln,

accounting for about 90 percent of all lime production in the United States. This kiln is a
long, cylindrical, slightly inclined, refractory-lined furnace, through which the limestone
and hot combustion gases pass co-currently. Coal, oil, and natural gas may all be fired in

rotary kilns. Product coolers and kiln feed pre-heaters of various types are commonly
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used to recover heat from the hot lime product and hot exhaust gases, respectively.

The next most common type of kiln in the United States is the vertical, or shaft, kiln. This
kiln can be described as an upright heavy steel cylinder lined with refractory material.
The limestone is charged at the top and is calcined as it descends slowly to discharge at
the bottom of the kiln. A primary advantage of vertical kilns over rotary kilns is higher
average fuel efficiency. The primary disadvantages of vertical kilns are their relatively
low production rates and the fact that coal cannot be used without degrading the quality
of the lime produced. There have been few recent vertical kiln installations in the United
States because of high product quality requirements. Other, much less common, kiln
types include rotary hearth and fluidized bed kilns. Both kiln types can achieve high
production rates, but neither can operate with coal. The "calcimatic” kiln, or rotary hearth
kiln, is a circular kiln with a slowly revolving doughnut-shaped hearth. In fluidized bed
kilns, finely divided limestone is brought into contact with hot combustion air in a
turbulent zone, usually above a perforated grate. Because of the amount of lime carryover
into the exhaust gases, dust collection equipment must be installed on fluidized bed kilns

for process economy (8).

In Malaysia several plants produce different products as quicklime having reactivity
values in the range 30 sec/1.5 min, to meet the needs of iron, chemical and building
industry. The lime burning processes with the regenerative system, which take place in
twin shaft kilns, have for some time demonstrated their superiority compared with the
processes which take place in single-shaft furnaces: superior quality of the produced

lime, and lower heat consumption per ton of product (8).

2.6 LIME COLUMN METHOD

Lime and lime/cement columns are mainly used in Sweden and Finland to increase the
stability of shallow trenches. Lime columns are a new foundation method where columns
manufactured in situ by mixing soft clay with unslaked lime are used as foundation for
light structures to reduce settlements and to increase the bearing capacity and also

function as drains in soft clay which increase the consolidation rate of the soil. The main

18




advantage with limefcement columns is the high shear strength which can be obtained
also for organic soils, where unslaked lime alone has not been effective. Lime columns
have the advantage that the permeability of the stabilized soil is high compared with soils

stabilized with lime/cement or cement (2).

Undrained Shear Strength

The short term shear strength of soft soils with lime (CaQO) depends mainly on the
reduction of water content during the slaking and on the increase of the plastic limit and
the reduction of the plasticity index. The long term increase of the shear strength is
mainly governed by the pozzolanic reactions of the lime with the clay. The behaviour is

similar to that of an over-consolidated clay (2).

Increase of Shear Strength with Time
The increase of the shear strength is usually faster in the field than in the laboratory due
to the high ground temperature and high confining pressure. Especially the pozzolanic

reactions are affected. The increase is initially faster with lime/cement than with lime (2).

The shear strength of the soil next to the columns will also increase with time partly due
to consolidation of the soft soil and partly due to the diffusion of Ca-ions into the

unstabilized soil around the column (2).

The bearing capacity of high strength lime/cement could be reduced by progressive
failure due to the low failure strain when the shear strength is high. An approximate
method is proposed to estimate the lateral displacement of the unstabilised soil along a
slip surface at failure and at working loads. The reduction of the bearing capacity caused
by progressive failure can be reduced or prevented by preloading the columns just after
the installation of the columns when the shear strength of the columns is still low and the
ductility is high. It is important that the bearing capacity of the columns is not exceeded

during the preloading (2).
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High Strength Columns can likely be designed as piles when the shear strength and the
bearing capacity of the columns are high. The shear strength of the unstabilised soil

between the columns should in that case be neglected (2).
The settlements with lime and lime/cement columns have generally been much larger

than calculated. The permeability of lime columns is usually sufficient for the columns to

function as vertical drains (2).
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CHAPTER 3
METHODOLOGY

Based on the research conducted, as part of the methodology in solving the problem and
to ensure the accomplishment of the objective of the project, two approaches had been

taken.

3.1 RESEARCH BASED APPROACH

Firstly, a strong fundamental knowledge on several aspects of lime and soil stabilization
was acquired. Journals, publications, and books regarding the relevant fields were studied
and reviewed from time to time to enhance the knowledge and understanding of the

topics.

3.2 EXPERIMENTAL/ANALYSIS APPROACH

Once the suitable soil had been obtained from the double track project in Ipoh,
experiments for soil classification, soil strength and identification of lime was carried out
in the lab using the unconfined compression testing machine and soil classification
testing equipment. Results obtained through the various experiments using different

testing machines and equipment were used as data in analyzing the shear strength of soil.
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CHAPTER 4
RESULT AND DISCUSSION

At the very start of the project the price of 50kg lime and cement was compared. It was
found that 50kg Ordinary Portland Cement (OPC) is RM9.17 and 50kg Calcium
Oxide(lime) is RM50. The soft soil from Ipoh was eventually obtained in April 2006 and
soil classification tests were immediately carried out. First of all,the initial soil
classification tests which were carried out were the moisture content test (Table 4),
followed by Atterberg tests for Plastic and Liquid Limits (Table 5), Specific Gravity
(Table 6) and Sieve Analysis (Table 7). The final results for the tests carried out for the

soft soil sample are as follows:

Table 3: Basic parameters for the natural soil used

Specific Gravity 2.86
Natural Moisture Content 63.50%
Liguid Limit 45.70%
Plastic Limit 29.80%
Plasticity index 15.87

Utilizing Casagrande’s Chart, the soft soil being used is classified as Inorganic clays of

medium plasticity.

The remainder of the tests for the soft soil conducted were as follows :

a) Hydrometer test to determine the grain size distribution.

b) Compaction test to determine the maximum dry density and optimum moisture
content.

¢) Unconfined Compression test (Immediate and after 24 hours) to measure the
approximate shear strength. After compaction, 3 samples were extruded from the
mould to be tested for unconfined compression immediately. Another 3 samples
were wrapped in a plastic foil and kept in a air tight container for a 24 hour period

for hibernation then tested for unconfined compression.
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The percentage of lime (0%,2%,4%,6%,8%) that was applied depended on the outcome
of the following results.

a) Atterberg Limits

b) Compaction Test.

Figure 3 shows the results of the initial compaction test carried out on the soft soil using
0% lime. The optimum moisture content obtained was 30%.From these results, we used
the dry optimum value of 25% and wet optimum value of 35% for further testing. Initially
it was planned that the optimum dry density for 2%,4%,6%, and 8% lime be obtained as
well. However due to time constraints, we had instead obtained graphs for compressive

strength in which the optimum values will be compared with Figure 3.

Figure 3 : Dry Density vs. Moisture Content Graph for Soft Soil ‘
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From Figure 4 the optimum values of compressive strength are shown for the tests
carried out using 0%, 2% and 8% lime. These 3 graphs show a gradual increase in
compressive strength and decrease once the optimum moisture content value of around
30% is reached. However for the tests with 4% and 6% lime added, the optimum value is

still undetermined and would require further testing.

Tested Immediately

.g 350 -
® 300 i
2 —a—0% lime
o a 250 i
E ] 200 [ . e 2‘70 Ilme
6 = R .
8 £ saz = 4% lime
- 2 150
35 = - 6% lime
£ & 100 - .
§ b 0 — g — 8% lime
=
= 0 ‘ ' ’ ‘

20 25 30 35 40

Moisture Content, %

Figure 4 : Unconfined Compressive Strength vs. Moisture Content Graph for Soft
Soil with 0% ,2% 4% ,6% ,8% lime added (immediate testing)
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Figure 5 shows the results obtained after the samples with lime are left to cure for a 24
hour period. For 0% and 2% lime, the optimum values are clearly shown once a moisture
content of 30% was reached. However for 4% and 8% lime the graphs are still increasing,
hence the optimum value cannot be determined as yet without further testing. The 6%
lime graph on the other hand starts off by decreasing and gradually increases again once

it reaches 30% moisture content.

Tested After 1 Day

g 400 -
@ 350 -
2 © 300 - — ——-— 2% lime
o 0 ) [-YARH
g < 250 - 4% lime
O § 200 - o 6% lime
o g 150+ w v 8% lime
€ o 100+ ol » 0% lime
§ 50 -
=1 0 ‘ . . |

20 25 30 35 40

Moisture Content,%

Figure 5 ;: Unconfined Compressive Strength vs. Moisture Content Graph for Soft
Seil with 0% ,2% ,4% ,6 % 8% lime added(tested after 1 day)
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Figure 6 shows the optimum compressive strength values for lime percentages with
different moisture contents. For 25% moisture content, the unconfined compressive
strength increases until it reaches 2% lime content, then it starts to decrease again until
the reaches about 6% lime content. From there it increases again until 8% lime content.
Futher testing is required to obtain the optimum value. For 30% moisture content, the
graph increases as well until about 2% lime content then decreases at 4 % lime content.It
then remains constant until about 6% where it increases again until 8%. For 35%
moisture content, the graph increases and reaches at optimum compressive strength value

of 302kpa at 6% lime content. Then it decreases again until 8% lime content.

Tested Immediately

g =0
@ 300 -
g w 250 -
E-& : ——— W=35%
8 g ‘ o g - W=30%
38107, .
c 2 g g W=35%
‘.E a 100 - -:155:..
8 50 i
5 0 ! | | : T 1
; 2 4 . 8 10

Lime Content, %

Figure 6 : Unconfined Compressive Strength vs. Lime Content Graph for Soft Soil
with 25 % ,30% ,35 % ,moisture content (immediate testing)
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Figure 7 shows compressive strength values for the soft soil sample using the different
percentages of lime and moisture contents which are left to cure for a 24 hour period. The
25% moisture content graph gradually increases and achieves an optimum compressive
strength value when it reaches 6% lime content. However for the 30% moisture graph
there is a significant decrease in compressive strength before it increases again and the
extent of this increase is still unknown without further testing on more percentages of
lime such as 10% and 12%. For the 35 % moisture content graph, the compressive
strength increases and reaches an optimum value at 4% lime content before it decreases
again until 6% lime content. From there it increases again until 8% lirﬁe where further

testing is required to see the extent of the increase.

Tested After 1 Day

—e—W=25%
e v Ghienn. r W:SO%
-w=35%

Unconfined Compressive
th, k
n
(=]
(=]

0 2 4 6 8 10

Lime Content, %

Figure 7 : Unconfined Compressive Strength vs. Lime Content Graph for Soft Seil
with 25 % ,30% ,35 % ,moisture content (tested after 1 day)
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CHAPTER 3
CONCLUSION

Based on the results obtained it can be concluded that:-
Immediate tests
e  With 4% and 6% lime added, the optimum value is still undetermined and would
require further testing.
e For 25% moisture content, the unconfined compressive strength increases until it
reaches 2% lime content, then it starts to decrease again until the reaches about
6% lime content. From there it increases again until 8% lime content. Futher
testing is required to obtain the optimum value.
e For 30% moisture content, the graph increases as well until about 2% lime
content then decreases at 4 % lime content. It then remains constant until about
6% where it increases again until 8%.
o For 35% moisture content, the graph increases and reaches a optimum
compressive strength value of 302kpa at 6% lime content. Then it decreases until

8% lime content.

After 24 hour curing tests

e After curing for a 24 period, the 4% and 8% lime the graphs are still increasing,
hence the optimum value cannot be determined as yet without further testing. The
6% lime graph on the other hand starts off by decreasing and gradually increases
again once it reaches 30% moisture content.

e The 25% moisture content graph gradually increases and achieves an optimum
compressive strength value when it reaches 6% lime content.

e However for the 30% moisture graph there is a significant decrease in
compressive strength before it increases again and the extent of this increase is
still unknown without further testing.

e For the 35 % moisture content graph, the compressive strength increases and

reaches an optimum value at 4% lime content before it decreases again until 6%.
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APPENDIX 1-1 : Lab Results for Soil Classification Tests and

Unconfined Compression

Table 4 ; Natural Moisture Content

Container No: i 2 3 Avg
Mass of wet soil + container (m;) (g) | 85.8 779 68.9 77.5
Mass of dry soil + container (m;) (g) | 63.7 58.9 53.5 58.7
Mass of container (m;) (g) [29.2 29.0 290.1 29.1
Mass of moisture (m; — ms3) (g) | 221 19.0 15.4 18.8
Mass of dry soil (m3; —m;) (g) |34.5 29.9 24.4 29.6
Moisture content
{m; -- m3) (%) | 64 63.5 63.1 63.5
® = e x 100%
(m3 —my)
Table 5 : Liquid Limit
Test 1 2 3
Dial gauge reading | 25.0 [ 205 | 22.0 | 25.0 | 23.5 | 30.2 | 37.5 | 35.0 | 30.0
Average 22.5 26.2 34.2
Gauge Reading
Mass of Wet Soil + 48.5 53.3 574
Container
Mass of Dry Soil + 40.6 43.0 44.7
Container
Mass of Container 20.60 20.39 20.25
Mass of Moisture 7.9 10.3 12.7
Mass of Dry Soil 20.0 22.61 24.4
Moisture Content 39.5 45.5 52.0
Table 6 : Specific Gravity
Mass of pyknometer + cap + soil + water (ms) (g) 1794.98
Mass of pyknometer + cap + soil (m;) (g) 932.0
Mass of pyknometer + cap + water (my) (g 1539.45
Mass of pyknometer + cap assembly (my) (g) 539.06
Mass of soil (my —my) (g) 393.0
Mass of water in full jar (my — my) (g) 1000.39
Mass of water used (m3 — my) (2) 862.98
Volume of soil particles (my — my) - (M3 — my) ML 137.41
Particle density (m; — my) Mg/m’ 2.860
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(my—my) - (m3 — my)

Table 7 : Particle Size Distribution Test on Soft Soil Sample

SIEVE | WEIGHT | WEIGHT | WEIGHT | PERCENT | CUMM.
OPENING | (PAN) | (PAN+SOIL) | (SOIL) (%) (%)
200mm | 454.92g | 866.90g | 412689 | 41.93% | 58.07%
1.18mm | 434.02g | 533629 99.60 g 10.12% | 47.95%
600um | 403.94g | 507579 | 10363g | 10.53% | 37.42%
425um | 367509 | 409.60 g 42.10g 4.98% | 33.14%
300um | 37044g | 411.75g #1.31g 4.20% | 28.94%
212um | 346.14g | 381.65¢g 35.51 g 361% | 25.33%
150pm | 310.14g | 339.45g 29.31g | 298% | 22.35%
63pum | 321.149 | 381629 60.48 g 6.15% 16.20%
PAN 246349 | 405859 | 159.54g | 16.20% | 0.00%
% CUMMULATIVE VS SIEVE OPENING
70.00%
g 60.00%
£ 50.00%
S 40.00%
£ 30.00%
3 20.00%
* 10.00%
0.00%

2.00 1.18 600 425 300 212

mm

mm  pm

150

sieve opening (mm)

63

WMo opm pmo pm pm

Figure 8: Particle Size Distribution Graph
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Table 8 : Compaction Results for Initial Dry Density

wmber | 2 3 4 5 6 7 8
+ base + compacted

) 6430 6490 6560 6640 6780 6740 6820 | 676(
+ base, g (m;) 5100 5100 5100 5100 5100 5100 5100 510C

cted specimen, g (m; - 1330 1390 1460 1540 1680 1640 1720 1660

" 1.33 1.39 1.46 1.54 1.68 1.64 1.72 1.66°

mp)

tent, @ ( 9):

ber i 2 3 4 5 6 7 8

er added, % 10 15 20 25 30 35 40 45
ner, g (m;) 20.61 29.2 291 29.5 29.47 29.27 38.39 30.1L
il + container, g (my) 46 41.95 42.74 51.14 56.01 66.52 79.51 75.41
il + container, g (ms) 44 .42 40.49 40.46 47.03 4997 5545 67.11 60.5¢
ire, g (my — m3) 1.58 1.46 2.28 4.11 6.04 11.07 12.4 14 8¢
il, g (ms — my) 14.81 11.29 11.36 17.53 20.5 26.18 28.72 30.4¢
it, %

ﬁ_)_ % 100 % 10.6685 | 12.9318 | 20.0704 | 23.4455 | 29.4634 | 42.2842 | 43.1755 | 48.71¢
m ) |
) !Mg/m3)

fm’) 1.33 1.39 1.46 1.54 1.68 1.64 1.72 1.6<F
nt, o(%) 10.6685 | 12.9318 | 20.0704 | 23.4455 | 29.4634 | 42.2842 | 43.1755 | 48.7¢
? 11.7859 | 12.0708 | 11.9249 | 12.2344 | 12.7262 | 11.3038 | 12.0486 | 11.2-
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Table 9 : Unconfined Compressive Strength(qu) From

Graphs(Immediate)
Lime Content (%) Moisture Content (%) qu (kpa)
0 25 31.8745
30 69.5275
35 32.9181
2 25 74.7836
30 258.7298
35 202.8751
4 25 44.3657
30 158.1949
35 242.8368
6 25 53.2826
30 172.0894
35 302.3899
8 25 207.928
30 311.9693
35 282.8686

Table 10: Unconfined Compressive Strength (qu) From Graphs (After 1 Day)

Lime Content (%) Moisture Content (%) qu (kpa)
2 25 41.7124
30 361.6716
35 266.91
4 25 98.78
30 210.9568
35 287.7746
6 25 117.1825
30 80.0959
35 189.9446
8 25 30.6014
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30 172.7734
35 347.3324

Table 11 : Hydrometer Results

2% ,35%
250 -
200 -
_____ e ——————— - -~ ——=gample 1
@ 150 - p
g s sample 2
100 1 _ - sample 3
50 4 /
O : T T T T 1
0 5 10 15 20 25
strain
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Figure 9 : stress vs strain graph for soft soil with 2 % lime added and 35% moisture

content

4% ,25%

 40d e ————sample 1
g sample 2
7]

v s@Mple 3

0 5 10 156 20

strain

Figure 10 : stress vs strain graph for soft soil with 2 % lime added and 35%

moisture content
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Figure 11 : stress vs strain graph for soft soil with 6 % lime added and 25%

moisture content
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Figure 12 : stress vs strain graph for soft soil with 6 % lime added and 35%

moisture content
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Figure 13 : stress vs strain graph for soft soil with 8 % lime added and 30%

moisture content

37




8% ,35%

400 -
350 -
300 -
250 |
200 -
150 -
100 -
50 - [

0+ : : : ; —

0 5 10 15 20 25

~-«—- sample 1
o e o GAMPIE 2
..................... sampie 3

stress

strain

Figure 14 : stress vs strain graph for soft soil with 8 % lime added and 30%

moisture content
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APPENDIX 2 : LAB EXPERIMENTS

Figure 16 : Crushing of Oven-Dried Soil Sample

Figure 17 : Soil Samples Extruded after Compaction to be stored for 1 day in cling
foil wrap for Unconfined Compression Test.



Figure 18 : Soft Soil samples after undergoing Unconfined Compression Test



Figure 19 : Extruded Soil Samples stored for 1 day in the air tight container

Figure 20 : Extruded Seil Samples after the Unconfined Compressive Strength Test



Figure 21 : 3 Soil Samples extruded directly after every compaction test.

Figure 22 : Extruding Compacted Sample from the mould



Figure 23 : Electronic Weighing Scale

Figure 24 : Extruding individual samples for unconfined compression test



Figure 25 : Standard 25kg Compaction Rammer

Figure 26 : Extruded Compacted Soil Sample



Figure 28 : Mix of Crushed Soil(passing 200mm dia sieve 37.5mm) and
Lime(passing 600pm sieve)



Figure 29 : Compaction mould with 3 containers at the bottom for extruding the
sample

Figure 30 : Apparatus for Extruding Samples for Unconfined Compression Test



Figure 31 : Sieved lime(left) and soft soil sample (right) before cbmpaction test



