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ABSTRACT

The assessment of the properties of lateritic soil stahilized with ashes from cocoa
pods and palm kernel shells as partial replacement of cement was carried out.
Samples of lateritic soil were collegted at varying depths from 0.5m and 1.5m at a
borrow pit after the top soil had been removed. The samples were air-dried and
thoroughly mixed o ensure a homogenous sample. Each of the cocoa pods and palm
kernel shells collected dried with respective inherent moisture content of 0.5% and
0.1% and was oven dried to 0% moisture content at a temperature of 110°C and
further heated in an open top kiln to a temperature of 800°C for cocoa pods and
1000°C for palm kernel shells when appreciable ashes began to appear in the
furmace. Varying proportions of cement and ashes from cocoa pods and palm kernel
shells used were expressed as percentage of the dry weight of the soil samples. The
total additive contents used were 2%, 4%, 6% and 8% for each test carried out on the
samples. Some geotechnical parameters such as: classification (specific gravity,
moisture content, prain size distribution and consistency limit); Compaction;
California Bearing Ratio; Chemical compositions of the additives were determined.
The cost analyses of the additives were also conducted. The result of the consistency
limit of the natural soil gave liquid limit of 34.0% and plasticity index of 16.2%, the
s0il thus classified in group A-2-6(0) and generally the results of the treated samples
showed significant decrease in the plasticity index when compared with the natural
s0il samples and most significant in C. The maximum dry density and the C.B.R. of
the treated samples increased above the natural soil in all cases, exceeding
2000kg/m” and 80% respectively at 6% which are the minimum permisable for
unsoaked C.B.R values for base course. The results of the chemical analysis of the
additives used also showed that the ashes have Fe, Mg, Na and K which compared
favourably with cement but palm kernel shell ash was deficient in calcium (Ca)
which is the major constituent of cement. Cocoa pods and palm kemel shells were
treated as wastes, their use for this purpose will be of economic benefit since they
served as suitable partial replacement when stabilizing with cement, usually an

expensive commaodity.
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CHAPTER ONE
1.0 INTRODUCTION

Research investigations have been carried out fto detetmine the
usefulness of lateritic soils in the Nigerian construction industry. It is noted
that in South-Western Nigeria, the top soil consists of a high degree of humus
which need to be removed before any meaningful construction work can be
carried out. Lateritic soils also have wide applications not only as foundation
for structures but, more importantly, as construction materials.

Lateritic soils possess geotechnical, mineralogical and physical
characteristics that make them rank as fair to good engineering materials, Their
properties may need to be improved upon in some cases by soil stabilization.

Soil stabilization is the alteration of any property of a soil to improve its
engineering performance. Soil improvements by stabilization provide
increased strength — for pavement grade, reduced compressibility — for
foundation structure, reduced permeability — for dam foundation. Sol
improvement can be classified according to the nature of the process involved,
material added and the desired result. A satisfactory stabilizing agent must
provide the required qualities and, in addition, must satisfy the following
criteria: compatibility with soil material, easy handling and processing and low
cost.

In this research, assessment of lateritic soil stabilized with ashes from

cocoa pods and palm kernel shells as partial replacement of cement was



considered because of the high cost of cement. This involves the mixture of
pulverized soil and measured amounts of Portland cement, ashes from cocoa
pod, ashes from palm kemel shell and water compacted to a high unit weight

and protected against moisture loss.

1.1 AIM OF THE STUDY
The aim of the research is to assess the properties of lateritic soil

stabilized with ashes from cocoa pods and palm kernel shells as partial

replacement of cement.

1.2 SPECIFIC OBJECTIVES OF THE RESEARCH
The specific objectives are to:

(a) assess the geotechnical properties of lateritic soil stabilized with cement;

{b) determine the geotechnical properties of lateritic soil stabilized with
mixture of cement and ashes from cocoa pods and palm kemel shells;
and

(c)  evaluate the structural and economic benefits of applying the composite.

1.3 JUSTIFICATION FOR THE STUDY
Previous studies have pointed out beneficial results of the use for pure
cement, lime, fly ash and bitumen for soil stabilization. Record however do not

show the applicability of ashes from cocoa pods and palm kemel shell for soil



stabilization. Hence, this study intends to investigate the properties of lateritic
soil stabilized with ashes from cocoa pods and palm kernel shells as partial
replacement of cement to possibly reduce cost.

Cocoa pods and palm kernel shells are abundantly available in South
Western Nigeria for this purpose. In the end, the improvement that is
envisaged from the stabilization process using the lateritic soil with less
cement content and ashes from cocoa pod with palm kernel shell is to

supplement cement without undermining the strength requirement.

1.4 LIMITATION TO THE USE OF THE ADDITIVES
There is no doubt that the use of the additives would be affected by
some factors. The factors are:
. Rate of use may outweigh the rate of accumulation (availability)
especially in the case of competitors. The availability is also
dependent on some natural factors (natural disasters such as fire

outbreak, drought) which may affect farm produce.

1.5 EXPECTED CONTRIBUTION TO KNOWLEDGE
The research is expected to provide information on the properties and
performance of cocoa pod and palm kemnel shell ashes as alternative materials

for soil stabilization.



1.6 LOCATION OF THE STUDY AREA

The study area is located along Olujoda — Moferere road (Ado-lkere),
Ade-Ekiti, the capital city of Ekiti State and Igbole Ekiti in Ido/Osi Local
Government area of Ekiti State, South Western Nigeria. The towns are located
between latitude 07" 30" and 07° 49" of the equator and longitude 05" 07' and
05" 27" east of the Greenwich Meridian (Ebisemiju, 1993; Ekiti State Surveys,
2002). The soil samples were collected from a borrow pit, 1.4km away from
Olujoda Hotel along Ado — Ikere road while palm kemnel shells and cocoa pods
were obtained from a local oil palm processing center (Eku) and cocoa
plantation respectively at Igbole-Ekiti in Ido/Osi Local Government area

where they were abundantly available.
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1.7 REGIONAL GEOLOGY

The geology of Ado-Ekiti is dominated by crystalline rocks of the
basement complex of southwestern, Nigena (Fig. 1.2). The rock sequence in
the area is as follows:- pegmatites and aplites series, gneisses and migmatites.
The rock generally trend north-south in direction. The granitic rocks are found
in the western and Northern parts of the area while the charnokitic rocks are
located within a narrow belt of intrusive within the granitic rocks. The
mignatites are found in the eastern part. The quartzite rock type are located in
the western and central area as elongated bodies within the granitic and
charmokitic rocks.

The lateritic soils found within Ado-Ekiti are abundant and are the bi-
product of rocks mentioned above. The nature and type of laterite soils found
in the area depends greatly on the parent rock from which they have been
derived. They vary from highly clayey lateritic soils for chamokite-derived
from gneissic silty soils for those derived from gneissic and migmatitic rocks.
The gravelly lateritic soils are those derived from the elongated bodies of
quartzite. The gravelly texture 15 a product of partial weathering resulting from

the relatively resistant quartzite bodies.
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CHAPTER TWO \ %
2.0 REVIEW OF RELATED LITERATURE %, .

Considerable work has been cammied out on lateritic soils in many
countries over the vears. The attention given to lateritic soils by soil engineers
15 as a result of their wide-spread distribution and engineering applications.
The most common materials used in the construction or rehabilitation of rural
access roads in the tropics in Southern Nigeria are lateritic soils. This is
because: (a) as they are the most common naturally occurring materials; (b} in
the tropics weathering is intense, and hence there is lack of good quality
crushed aggregate and (c) long haulage distances and the associated high costs
involved in the transportation of good quality aggrepates, make the utilization
of lateritic gravels economically attractive.

sSome lateritic soils and gravels make good materials for subbase and
base construction of roads as they are easy to win and to apply on the road
surface. They also have naturally stable grading with a suitable proportion of
clayey materials to act as binder. However, in most parts of the tropics, there is
only a limited choice of sufficiently hard concretionary laterite aggregates to
be used in road surface dressing and often the significant silt and clay contents
render the material moisture sensitive.

Soil stabilization occurs when additive is added to a reactive soil to

generate long-term strength gain through a pozzolanic reaction e.g Lime and

Cement. This reaction produces stable calcium silicate hydrates and calcium



aluminate hydrates as the calcium from the lime reacts with the aluminates and
silicates from the clay, The key to pozzolanic reactivity and stabilization is a
reactive soil a good mix design protocol and reliable construction practices. In
the soil stabilization or modification, the clay surface mineralogy 15 altered,
producing the following benefits: plasticity reduction, reduction in moisture
holding capacity (drying) swell reduction, improved stability (i.e continued
strength gain with time, even after periods of environmental load damage) and
the ability to construct a solid working platform (National Lime Association,

2001).

2.1 DEFINITIONS OF LATERITE BY VARIOUS AUTHORS
Bell, 1994 works on chemical compositions of lateritic soils defined
laterite soils in terms of the silica alumina ratio (51 07 : Al; O3) as
o True laterites (those with silica-alumna ratio less than 1.33
* Lateritic soils (those with ratio between 1.33 and 2.00)
' Non-lateritic (with a ratio greater than 2.00).
Also, a chemical approach based on the silica to sesquioxide ratio i.e
S5i04/(Fe;0y + AlLOy) of less than 1.33 are indicative of laterites (Ola 1983).
Laterite 1s any group of deposits consisting of residual insoluble deposit
of ferric and aluminium oxides formed by weathering of rocks in tropical

regions (Collins English Dictionary).



Alexander & Cady 1992 defined laterite as a highly weathered material
that is rich in secondary oxides of Fe, Al or both, nearly void of bases and
primary silicates, but it may largely contain quartz and kaolinite. It 15 either
hard or capable of hardening on exposure to alternate wetting and dryving.

A good number of studies of several investigations revealed that laterite
is a weathered product of various materials including crystalline igneous rock
sediments and volcanic ash.

From the various definitions above, it can be concluded that lateritic
soils contain aluminium, iron and silica in varied proportions and based on the

constituent components of laterite,

1.2  ORIGIN AND FORMATION OF LATERITES

Laterites is a residual soil formed from the weathering of igneous rock
under conditions of high temperature and high rainfall such as those typically
oceurring in tropical regions, where the decomposition process results in a soil
leached of silica (5i10;) and caleium (IV) oxide but retaining high concentration
of iron and aluminium sesquioxides (Fe;0Oy, AlO;). The resulting
concentration of iron and aluminium oxides sharply differentiate laterization
from temperate climate weathering in which the end product is largely clay
minerals. As a result of heavy rainfall during the wet season, followed by the
dry seasonal high temperature and rapid evaporation of the tropics, plants draw

water far below the ground to replenish the ones lost to the atmosphere; as



long as the supply holds. The weak solution produced by leaching of the rocks
during the wet season thus become concentrated by evaporation and dissolved
minerals are deposited. This leads to the accumulation of iron and aluminium
hydroxides which are insoluble and are not re-dissolved during raining season
and are therefore left at or near the surface where they form a thick red to
black soil called laterite.

Gidigasu (1976), identified three stages in the process of laterization,
The first stage, (decomposition) is characterized by physico-chemical
breakdown of primary minerals and the release of constituent elements. The
second involves the leaching under appropriate drainage conditions of
combined silica and bases and the relative accumulation or enrichment from
outside sources. Absolute accumulation of oxides and hydroxides of
sesquioxides (mainly AlOs and Fe;0s, the most resistant components to
leaching). The third stage (dehydration or desiccation) involves partial or
complete dehydration sometimes involving hardening of the sesquioxide rich
materials and secondary minerals.

Under tropical conditions of high temperature and rainfall, the clay
minerals tend to decompose into various forms of alumina and iron oxides in
relation to the nature of weathering conditions. The free iron oxide content and
the degree of dehydration and/or hardening as well as the unique granular
structure of some lateritic soils are believed to underlie the difference in

engineering behaviour of some lateritic soils from the temperate soils. [t was

12



suggested that contemporary lateritic soils have developed at mean annual
temperature of about 25°C, hence lateritic soils are believed to always
correspond to tropical climate (Gidigasu 1976).

The most significant differences in the temperate soils and lateritic soils

- The significant proportions of irons and aluminium oxides found in
lateritic soils which tend to cement the soil particles to form a coarse
grained weakly bonded particulate material and

- The relatively high temperature of laterite formation which is a feature

of tropical climate (Ola 1983 ).

2.2.1 DISTRIBUTION AND MORPHOLOGY OF LATERITES

Laterites are found all over the world especially in inter-tropical regions
of Africa, Australia, South-East Asia, India and South America. Their
extension show that their formation is favoured by some conditions at one time
or the other in the history of the world but not necessarily simultaneous at all
points. Laterite profiles are generally of three types, those in which the crust is
derived from; they are: the overlaying soil (downward transport/leaching, from
underlying weathered rock (upward transport) and those in which the crust
forming material is detrital (that is transported and deposited and/or

precipitated. The laterite profiles that develop in-situ have a number of

I3



horizons. The horizons vary in thickness; hardness and colour depending upon
the degree of development and preservation of the profile.

Carthy (1993) opined that deposits of laterites are found in a hard or
cemented state particularly in areas where vegetation is sparse or has been
removed, Also as hardened occurrences, laterite extends beyond sub-humid
tropical climate to desert regions where there are indications of humidity in the
past.

Abundance of laterite gravels and soils are located in the Precambrian
basement complex area in the northern part of Nigeria. They are found in large
quantities in the southern part of Nigeria and constitute about 50-70% of the
total soil. Laterites can be associated with a characteristic profile forming the
following level in descending order as shown in the figure below.,

. A surface zone with ferruginous encrustation and concreting.
" A lateritic bed

. A zone of primary alteration to kaolinite

" A fresh zone of unaltered rock.

o' v o’ —— Surface zone
' Y

+4+++++

+—— ateritic Bed

“t+—— Zone of Primary Alteration to Kaolinite

L+ Fresh zone of unaltered rock

Fig 2.1: Typical lateritic soil profiles
{Source: Nigerian Educational Research and Development Conneil, 1999)



222 PROPERTIES AND COMPOSITION OF LATERITIC SﬂfL E

The behaviour of laterites in pavement structures have been found to
depend on their particle size characteristics, the nature and strength of gravel
particles, the degree of which the soil has been compacted: the traffic volume
and the climate. When the grading of lateritic gravel is close to a mechanically
stable particle size distribution, the material performs satisfactorily both as
unstabilized base and/or subbase in light-trafficked gravel roads (Thagessen,
1996). A satsfactory performance of laterite pavements has generally been
reported on laterite gravels that possess adequate drainage.

Geotechnical characteristics and field performance of lateritic soils as
well as their reaction to different stabilizing agents may be interpreted in the
light of all or some of the following parameters: genesis and pedological
factors (parent material, climate, topography, vegetation, period of time in
which weathering processes have operated); degree of weathering
(decomposition, sesquioxide enrichment and clay-size content, degree of
leaching) and position in the topographic site (Ola, 1983).

Particle size distribution may provide the following information: a basis
for identification and classification of soils, the compatibility characteristics,
permeability, swellability and a rough idea of deformation characteristics of
the soil mass. Texturally, lateritic soils are very variable and may contain all

fraction sizes like boulders, cobbles, gravel, sand, silt and clay as well as

15



concretionary rocks. Quartzitic gravels, which are formed from the alteration
of quartz rich parent rocks, are generally well graded with 20% of silt and clay
size fraction. Concretionary laterites have a higher content fines ranging
between 35% to 40% foot slope concretionary laterite gravels are coarse and
gap graded (less sand), compared to high level gravels (Gidigasu, 1976).

Pretesting preparations of lateritic soils for sieve analysis may have the
following effects on the size distribution: remoulding and removal of free iron
oxide increases the content of fines between 35% to 65% (this will be a
function of the dispersing agent), degree of drying and time of mixing of the
sample prior to testing influence the degree of dispersion of laterite soils and
cementing effect of sesquioxides which bind clay and silt fractions into coarser
fraction ( Thagessen, 1996).

Plasticity characteristics of laterite soils: the interaction of the soil
particles at the microscale level is reflected in the consistence limits or
atterberg limits of the soil at microscale level. Knowledge of the Atterberg
limits provides the following information: a basis for identification and
classification of a given soil, texture, strength and compressibility
characteristics and swell potential of the so0il or the water holding capacity.

Atterberg limits depend on: the clay content, plasticity increases with
increase in clay content (Filipovski, Ciric 1969); nature of soil materials, only
minerals with sheet-like or plate-like structures exhibit plasticity. This is

attributed to the high specific surface area and hence the increased contact in
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plate shaped particles, chemical composition of the soil environment; the
absorptive capacity of the colloidal surface of cations and water molecules
decrease as the ratio of silica to sesquioxides decrease. Plasticity tests may be
affected by pre-test preparation, degree of moulding and time of mixing,
dryving and rewetting, and irreversible changes in plasticity on drying. Drying
drives off absorbed water which is not completely regained on re-wetting (this
15 the case in both oven and air drying) (Fookes, 1997). Distilled water should
always be used to minimize the effect of ion exchange on plasticity. Soils
which contain hydrated oxides of iron and aluminium may become less plastic
on drying. This is partly because hydration of sesquioxides creates a strong
bond between the particles, which resists penetration by water. This process
can not be reversed by re-wetting but is more pronounced on oven drying at
higher temperature (Fookes, 1997).

Bowels (1985) gave the following classification for soils with various

specific gravity values as shown in Table 2.1.

Table 2.1: Typical Specific Gravity Values

Type af Soil Specific Gravity (Gs)
Sand 2.65 - 2.67

Silty sand 2.67-2.70

Inorganic clay 2,70 - 2.80

Solls with micasand iron 2.75-3.00

Organic soils Variable, but under 2.00

Ls




He observed that the higher the degree of laterization, the greater the
specific gravity. Specific gravity of laterites vary in relation to their chemical
composition, increasing with iron content and decreasing with alumina; the
coarser the soil fraction, the higher the specific gravity. The looser the soil
structure, the lower the specific gravity. The specific gravity of oxidized forms
15 higher than that of hydrated forms.

Lateritic soils seem to be typified by a gap grading existing with a
prevalence of gravel sized and clay materials but having limited sand and silt-
sized particles. The pH wvalue of laterite is dependent on the exchangeable
cation of the soil. The cation type that can exist in a particular soil depends on
(i}  Mineralogy of the parent material
{(11) Organic proportion present in the soil

Kaolinite, the predominant mineral in Nigeria lateritic soils has low
cation exchangeable cation and the pH value does not deviate much from 7.
Soils that have high cation exchangeable cation have their value in the alkaline
range. Most laterite soils have sodium as exchangeable cation and the pH
value is slightly acidic to neutral (5-7).

The mechanical grain sizes of the lateritic soil will affect its reaction
under load. If the laterite 1s more of sandy soil, its properties will exhibit low
compressibility, high permeability, high friction and low cohesion, but if it is
more of clay soils, its properties will exhibit high compressibility, low

permeability, high cohesion and low friction. Laterites generally have granular
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structure, therefore they have fairly large internal angle of friction. The higher
the angle of friction, the higher the strength of the soil.

Another property of laterites is the tendency of expansiveness or
compressiveness of the soils depending on the specific surface area of the
constituent particles. Kaolinites that have low specific surface area have low
expansiveness or compressiveness but montmorillonites have high specific
surface area have high expansiveness or compressiveness. The mineralogical
composition of most laterites are kaolinite, goethite, gibbsite, heamatite,

microcline, illite, halloysite, attapulgite and quartz,

223 WATER CONTENT OF SOILS

The amount of water in a soil is important when stabilizing a soil. There
is an optimum water or moisture content that will allow for optimum soil
workability and provide the maximum density in the soil for the compact effort
applied. Generally, as the percentage of fine-grained material in a soil
increases, as the amount of clay versus silt increases, the optimum water
content will increase-maximum density and best result will occur if the water
content is near the optimum value. Water contents that vary widely from the
optimum amount will hinder or prevent compaction and proper stabilization

{(Air Force Handbook 1998).
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13 SOIL STABILIZATION

Stabilization in a broad sense, incorporates the wvarious methods
emploved for modifying the properties of a soil to improve its engineering
performance. The highway engineer is continually faced with the problem of
increasing the strength and stability of the natural soil in order to improve its
bearing properties,

Solidification/Stabilization (5/S) treatment generally consists of mixing
of chemical binders with sludge with addition of water prior to dry curing of
the cementitions mixture for several days. Established 5/8 binders include
cement and water which contain high amount of calcium oxide (CaQ), an
ingredient essential to increase the pH of the mixture to facilitate precipitation.
Research on 8/8 of industrial sludge are abundant (Qian et al, 2006; Diet et al,
1998; Singh and Pant, 2006; Phenrat et al, 2005).

Winterkorn (1972) opined that the chief objectives of stabilization are to
improve soil strength, bearing capacity and durability under cyclical conditions
such as varying moisture content or repeated application of stress. In the
developing countries like India, soil stabilization methods with locally
available materials have considerable scope in reducing the initial construction
cost of highway pavement and for stage construction (Bindra, 1981).
According to him, soil stabilization for highway purpose can be divided into
the following main groups. They are: mechanical stabilization, cement

stabilization, lime stabilization and bituminous stabilization, Other methods of
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stabilization may include chemical stabilization, thermal stabilization and
electrical stabilization. He said that climate changes affect stabilization
requirements,

Soil stabilization has been in the building of roads, aircraft runways,
carth dams, embankments, in erosion control and in the reduction of frost
heaving the possibility of employing stabilized soil for the building of houses
at low cost in undeveloped region of the world has been considered by the

United Nations Organisation and by others (Rawi and Toma, 1989).

24 CHEMICAL STABILIZATION

Various chemical compounds, including those listed below, have also
been used, often on an experimental basis, as stabilizers: Calcium chloride;
Magnesium chloride. The use of chemicals, may possibly provide short-term
advantages by acting as a dust suppressant and providing binding action to
form a hard running surface. However, the long-term advantages appear to be
limited as a result of leaching of the stabilizer from the pavement. Because of
the life expectancy, and possible adverse effects from using some chemicals,
their use in the treatment of pavement materials is not recommended as a long-
term solution to materials instability, The benefits and costs of using chemicals
compared to a bituminous seal or stabilization by mechanical means or using
lime or cement needs to be analyzed in the light of relevant experience. This

experience to date appears to indicate that the benefits from using chemical
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stabilization may be short-lived due to the effects of leaching of the chemical
from the treated material.

In addition to the chemicals listed above, several proprietary brands of
stabilizers are available. These products are generally by-products of
manufacturing processes such as pulp and wood processing, and to date appear
to perform similarly to the chemical discussed above, particularly with respect
to their life span and effectiveness. Nevertheless, authorities have used such
products with varying degrees of success depending on the function to be
performed or the problem to be overcome (Air Force Handbook 1998).

High costs attributed to costs of cement and lime usually indicate that
industrial waste sludge generators have to incur significant costs for 5/5
treatment, As such, most of them refuse to do so and opt to illegally storing
sludge within their premises or dispose sludge in nearby areas. This problem is
especially rampant in developing countries. Therefore, 5/ research in recent
vears have been focused on sage of recyclable waste materials to substitute
cement and lime. In order to enable a more cost-effectiveness 5/S treatment
design, 5/S specialists ofien substitute portions of 5/§ binder with industrial
wastes such as incinerator bottom ash. (Qian et al, 2000) and coal fly ash

(Singh and Pant, 2006).
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24.1 CHOICE OF ADDITIVES FOR TYPES OF SOIL

Cement is described as a material with adhesive and cohesive properties
that make it capable of bonding material fragments into a compact whole. For
constructional purposes, the meaning of the term cement is restricted to the
binding materials used with stone, bricks, and sandcrete blocks. The principal
constituents of cement are components of lime, clay and other materials. (New
Standard Encyclopedia, 1982),

The most famous use of cementitious material dates back to more than
25 centuries to the Roman Construction of aqueducts and the Appian way.,
Very little was known of these early cementing materials until 1956, when
John Smeaton, an English government emplovee, discovered that a mixture of
limestone and clay would harden into a solid mass when burned.(Ingines and
Metcalf, 1992) Cement affects soils in two ways. First, by surface chemical
action, it reduces the moisture affinity of clays. Second, it promotes
cementation (the process of impregnation of soils with cement to strengthen
them and make them water tight) thereby producing a semi rigid soil

framework,

242 ORDINARY PORTLAND CEMENT

Cement stabilization processes have different names in literature, They
these names include soil-cement, cement-stabilized soils and stabilized
aggregates. Soil cement stabilization is a method of construction in which
cement is mixed with pulverized soil to form a material which when

compacted and allowed to harden, possesses appreciable and considerable
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resistance to weathering. Studies (Ashworth 1976) revealed that this form of
construction method was first introduced in Great Britain in the year 1917,
Report also shows that the greatest proportion of soil cement construction was
carried out in the U.S. A, from 1935 and later in South Africa and in Germany
(Karmuzzaman, 2002).

Portland cement is the chemical most successfully used in soil
stabilization for road construction, Almost all soils respond to treatment with
cement. However, chemical conditions of some soils (by interfering mn the
hydration of cement) and high plasticity of others (by preventing an intimate
mixture) have limited the use of Portland Cement. Below is the table that

shows the chemical analysis of Portland Cement.

Table 2.2: Chemical Analysis of Portland Cement by absorption
spectroscopy (optimum conditions for each element in the concentration
as percentage of their oxides)

Element Concentration r‘ange.s (percentage

- of their oxide)
| Ca as CaO 60 — 66

Al as Al,O4 0-0.7

8; as 51049 18.5-24

Fe as FeyO, 0—4.5

Mg as MgO 0—4.0

Na as Na,O 0-0.7

K as K;O 0—0.7

Source: Ademoroti (1996)
Non-plastic soils are readily liable to cement stabilization. Cement can

be used to stabilize materials ranging from cohesionless sands and gravels to
silts and plastic clays. Most soil types are suitable for soil cement except those
containing an appreciable amount of active organic matter and also coarse-

grained soils with materials exceeding 50mm size which may damage the
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mixing or pulverizing equipment of machinery. Any cement may be used for
stabilization. I a special type of cement is used, it 1s important to determine
the effects of the changes by the laboratory tests. Rapid-Hardening cements
may be justified for soil containing organic matter. Calcium chloride additions
can also assist in the stabilization of organically contaminated seils. In soil-
cement stabilization, the cement content required to produce a good job varies
between 5 and 15% of the dry weight of the soil depending on the type of soil
and is determined by the strength requirements of the mix.

When making the initial laboratory tests to determine the required
cement content, it is important that the specimens are prepared at the same
moisture content and compacted to the same density as will be achieved in the
actual stabilized layers since strength is a function of these factors as well as
cement content. The mixture content of the stabilized material will be
determined by the vibrating method. The preliminary trial should be carried
out at least ten days before the main work of stabilization is started. Regular
site control testing of the cement stabilized material should be carried out to
ensure that the compacted material is capable of achieving the specified
strength requirements.

Studies have shown that the compressive strength of soil-cement
mixtures will increase with time of curing as does that of concrete. Soils with
similar physical properties but different chemical properties may vary largely
in compressive strengths when stabilized with equal amount of cement.
Similarly, for soil cement (design on the basis of durability or strength after 7

days of curing), it is observed that the strength increases with age.
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Economy plays an important role in soil-cement stabilization process,
heénce the decrease in cement is much to be desired. Additionally, it may also
reduce shrinkage and the resulting cracking of the soil-cement pavements
under service load. However, it should be noted that the quality of the
compacted stabilized soil depends on
(i) Breakdown and mixing

(ii) The quality and quantity of water used for mixing and curing
(i} Compaction

(iv) Curing conditions

243 CEMENT STABILIZATION

Depending on the soil type, 3% to 10% of cement by weight of dry soil
15 mixed with the soil to cause it to harden into a compact mass, which will not
soften in the presence of water. Cementation is based on hydration of water.
The major hydration products are a series of calcium silicate hydrates (CHS)

and hydrated lime, Ca{OH), (Joint Departments of Army and Air Force 1994).

244 CEMENT STABILIZATION MECHANISM

Kamruzzaman 2002 opined that cement has been found effective in
stabilizing a wide variety of soils, including granular materials, silts and clays.
Cement — stabilized materials generally fall into two classes — soil = cement
and cement modified soil. Soil — cement is a mixture of pulverized soil

material and/or aggregates, measured amounts of Portland cement, and water
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that is compacted to a high density. Enough cement is added to produce a
hardened material with the strength and durability necessary to serve as the
primary structural base layer in a flexible pavement or as a subbase for rigid
pavements. Cement-treated aggregate base and recycled flexible pavement are
considered soil-cement products.

Cement-modified soil is a soil of aggregate material that has been
treated with a relatively small proportion of Portland cement (less cement than
is required to produce hardened soil cement) with the objective of altering
undesirable properties of soils or other materials so that they are suitable for
use in construction. Cement-modified soil i1s typically used to improve
subgrade soils or to amend local aggregates for use as base in lieu of more
costly transported aggregates.

Portland cement is composed of calcium silicates and calcium
aluminates that, when combined with water, hydrate to form the cementing
compounds. Portland cement may be successful in stabilizing both granular
and fine-grained soils, as well as aggregates and miscellaneous materials.
Pozzolanic reaction between the calcium hydroxide release during hydration
and soil alumina and soil silical occurs in fine-grained clay soils and is an
important aspect of the stabilization of these soils, The permeability of cement
stabilized material is greatly reduced. The result is a moisture-resistant

material that is highly durable and resistant to leaching over the long term.,
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Cement stabilization of clayey materials results from the complex
combination of mechanical and chemical bonds which depend on reactions
between cement and soil particle surface (Chew et al, 2004).

In all practical cases, the primary ingredient necessary for stabilizing
soils is calcium, In addition to plasticity reduction, Portland cement by its
inherent nature of producing strength developing hydration products provide
improved strength and durability, Therefore, the effectiveness of stabilization
is based on the time (curing-soaking time) of reactions provided by cation
exchange and flocculation processes. These are related with the number of
positions of exchangeable ions. (Type of clay minerals — active or inactive) of
a clay and the amount of librated ions from cement (% of cement) which
influence the durability (bonding effect) and unconfined compressive strength
(bearing capacity).

Concemning the amount of stabilizer for each soil, the choice depends on
the availability, the costs and the economic conditions of the concerned area
and time of construction. The amount of cement required to improve the
quality of the soil through modification is determined by the trial and error
approach. If it is desired to reduce the PI of the soil, successive samples of
soil-cement mixtures must be prepared at different treatment levels and the Pl
of each mixture is determined. The general range of additive (% of total mass)
for cement is between 5 and 11; lime is 1.5-8; for Bitumen 1-10 and fly-ash

mixture is 10-20 variable with gradation. (Joint Departments of the Army and
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Air Force 1994). Studies (Ola 1983) recommended the percentage of cement

for road construction as: 3 percent for Al and A2 soils, 5% for A4 soils and

T% for A6 and A7 soils.

Table 2.3: Cement Requirements for various soils

Soil classification Inirial estimated cement content
percent dry weight
- GW, 5W A
- GP, GW-GC, GW-GM, SW-
SC, SW-SM 6

- GC, GM, GP-GC, GP-GM,
GM-GC, SC, SM, SP-5C,
SP-SM, SM-5C,

- GL, ML, MH 9
CH 11

Source: Joint Departments for Army and Air Force (1994)

Cement — Stabilization of clay soils within the time constraints usually
in the field (e.g in transportation engineering products — road pavements,
embankments, temporary support of excavations, shallow foundations etc)
provides that curing time (the time of development reactions by cation
exchange and flocculation processes) plays a vital role to the achievement of
efficient cement stabilization. In particular, curing time influences strongly the
engineering properties such as strength and durability of cement stabilized soil
mass as well as the construction and usage time of infrastructural soil works

(Kamruzzaman, 2002),
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The first controlled soil cement construction was a road built in 1935
near Johnsonville, South Carolina, U.S.A. Since then, soil cement has been
increasingly used as a satisfactory base, sub-base and to improve the subgrade

for modern, highway and air field pavements (Suphi, 2005).

245 LIME STABILIZATION

Lime stabilization is achieved with calcium oxide (quick lime) or
calcium hydroxide (slaked lime). The stabilization mechanism of lime is
similar to that of cement. Lime acquires silica or other pozzolans in the soil to
form calcium silicate hydrates (CHS) gel. Cement contains silica initially.
Lime reduces plasticity by replacing troublesome cations such as sodium with
calcium. At the same time, coagulation takes place and the coarse lime
particles absorb a good deal of free water resulting in dehydration by weight of
dry soil are typical improvement of plastic and expansive soils (Mitchell,

1982).

24.6 SOIL STABILIZATION USING FLY ASH

Soil stabilization involves the addition of fly ash to improve the
engineering performance of a soil. This is typically used for a soft, clayey
subgrade beneath a road that will experience many repeated loadings.

Improvement can be done with both class C and class F flv ashes. If using a
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Class F fly ash, an additive (such as lime or cement) is needed whereas the
self-cementing nature of class C fly ash allows it to be used alone.

Flu ash is also used as a component in the production of flowable fill
(also called controlled low strength material or CLSM), which is used as self
leveling, self-compacting back fill material in liew of compacted earth or
granular fill. Fly ash can replace either the Portland cement or fine aggregate
(in most cases, contents mixes contain nearly all fly ash, with a small
percentage of Portland cement and enough water to make the mix flowable.
Low fly ash content mixes contain a high percentage of filler material, and a
low percentage of fly ash, Portland cement and water. Class F fly ash is best
suited for high fly ash content mixes, where as Class C fly ash is almost used
in low fly ash content mixes (Hennis & Frishette 1993},

The hydrophobic nature of fly ash gives pavements better resistance to
stripping. Fly ash has been shown to increase the stiffness of the asphalt
matrix, improving rutting resistance and increasing mix durability. (U, S,
Federal Highway Administration). More recently, fly ash has been used as a
component in geopolymers, where the reactivity of the fly ash glasses is used
to generate a binder comparable to a hydrated Portland cement in appearance
and properties, but with dramatically reduced CO; emissions. (Duxson, et al.,
2007},

The lower the plasticity index of a soil, the better the soil for

construction purposes. Ola (1983) listed some factors that affect plasticity and
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there are parent material, degree of laterization, clay size content, type of clay

mineral and topographic conditions.

247 LIME-FLY ASH STABILIZATION

Use of lime and cement may be extended by the addition of pulverized
fly ash, (PFA) according to Bell, (1994). The three predominant elements in
PFA produced by buming coals are silicon, aluminium and iron, the oxides of
which together account for 75-95% of the material (Sherwood, 1995). Such
ashes are known as alumino-silicate fly ash. There is another variety, known as
sulpho-calcitic fly ash, which is produced by the combustion of coal with a
high limestone and sulphur content. PFA therefore has pozzolanic properties,
and can be used with lime to form cementitious gels. It has been reported that
mixtures of cement or lime do not give as good results as when lime and
cement are used on their own. However, Bell (1994) remarks that, it may be
worth making some sacrifices in s0il improvement in cost that the use of PFA
brings.

As land is a very precious commodity and landfill are fast dwindling in
mast highly urbanized cities, the disposal of the ash generated from MSW the
municipalities, a viable solution to the disposal problems would be the reuse of
MSW ash for Civil Engineering application. A research study of the properties
of the incinerator fly ash derived from MSW incineration indicated that fly ash

is a potential source of jet-grouting admixture for soil improvement. The fly
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-ash exhibits a likelihood of pozzolanic reaction due to its chemical
composition and physical characteristics. The use of fly ash as an admixture in
the stabilization of a soft marine clay resulted in stabilized samples with an
improved strength more that 75 times that of the unireated clay (Kuan, Joo,
Anthony (2003).

Afsin-Elbistan (AE) coal fly ashes obtained by burning coal samples
from top, middle and bottom sections of the AE coal seam were characterized
and their properties were compared. Chemical analysis of the AE coal fly
ashes showed that they are mainly composed of CaO, 50s, Fe;O5 and Al,O:

{Suphi 2005).

248 BITUMEN STABILIZATION

In bituminous stabilization, bitumen materials or road tars are mixed
with soil so as to water prool the particles and/or provide the additional
cohesion necessary for stabilization. The amount of binder normally ranges

between 4% and 7% (Joint Departments of Army and Air force 1994).

2.5.0 THE USES OF ASHES

Many countries have the problems of shortage of conventional
cementing materials. Recently, there are considerable efforts worldwide of
utilizing indigenous and waste materials in concrete. One of such materials is

the rice husk which under controlled burning, and if sufficiently ground, the
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ash that is produced can be used as a cement replacement material in concrete.
{Anmwar, Mivagawa, Gaweesh (2000)). High costs attributed to costs of cement
and lime usually indicate that industrial waste sludge generators have to incur
significant costs for §/S treatment. As such, most of them refuse to do so and
opt to illegally store their sludge within their premises or dispose their sludge
at nearby areas. This problem is especially rampant in developing countries.
Therefore, S/5 research in recent years have been focused on sage of
recyclable waste materials to substitute cement and lime. In order to enable a
more cost-effective S/S treatment design, S/S specialists often substitute
partions of §/S binder with industrial wastes such as incinerator bottom ash.
(Qian et al, 2000) and coal fly ash (Singh and Pant., 2006). Ashes from cocoa
pods are found to be one of the active ingredients in our black soap (Prweb,

2008). It is also found useful in this research as an admixture.
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CHAPTER THREE 1.
10 MATERIALS AND METHODS - M

31 MATERIALS

The materials used in this research were cement, water, ashes from both
cocoa pods and palm kernel shells, and laterites. Below are the sources of
these materials.

w Cement

The cement used for this research was an ordinary Portland cement
(Elephant) purchased from retailers in Ado-Ekiti and Akure.
4 Water

The water used was collected from one of the bore-holes that serve the
Federal University of Technology (Akure), precisely the one that serves
Obanla Community.
" Cocoa Pod Ash

The cocoa pods ash were obtained from a plantation at Igbole-Ekiti
(Location L, of fig 1.1A) in Ekiti State where they were abundantly available.
They were collected at average inherent moisture content of 0.5%. This was
oven dried to 0% moisture content at a temperature of 110°C, The oven dried
samples were further heated in an open-top kiln to a temperature e of 610°C at
which the material ignited spontaneously with large supply of oxvgen.

Appreciable ashes began to appear in the furnance at a temperature of 800°C.
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The test was conducted at the Science Technology Laboratory of the Federal
Polytechnic, Ado — Ekiti.
I Palm Kernel Shell Ash

The palm kernel shells were obtained from a local palm produce (Eku
location L; of fig 1.1A) at Igbole-Ekiti in Ekiti state where they were
abundantly available. They were collected dry at average inherent moisture
content of 0.1%. This was oven dried to 0% moisture content at a temperature
of 110°C at which the material ignited spontaneously with large supply of
oxygen. Appreciable ashes began to appear in the furnance at a temperature of
1000°C. This test was also conducted at the Science Technology Laboratory of
the Federal Polytechnic, Ado — Ekiti.

" Laterite

Samples of lateritic soils used in this research were collected at varying

depths from 0.5m to 1.5m on a major borrow pit along Tkere Road after the top
s01l had been removed. The soil sample is brownish red in colour, The material
was air dried and thoroughly mixed to ensure a true representation of the
sample. The soil sample properties and effect of mixing cement, ashes from
cocoa pod and palm kemel shell were to be determined experimentally. The

total additives content used were 2%, 4%, 6% and 8% for each test carried out
on the samples. These proportions are generally acceptable for cement soil

stabilization.
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31 TESTING PROCEDURES
The procedures used in carrying out the underlisted tests for this

research work were in accordance to British Standard Methods (BS 1377) and

AASTHO specification.
The following tests were carried out on the soil sample used.

Classification test which include particle size distribution, Atterberg
limits, specific gravity and natural moisture content.

Compaction test to determine the moisture-density relations of the
sample.

California Bearing Ratio (CBR) tests

The chemical additive used for stabilizing the so1l were
. Cement;
*  Ashes from cocoa pods;

' Ashes from palm kernel shells.

33  PRE-TREATMENT OF SAMPLES

The materials used for this research were collected and treated for

analysis as indicated below

® Laterite

When the sample was taken to the laboratory, organic debris materials
such as roots, leaves were removed. The sample was air-dried, broken down

with mortal and pestle.
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; Ashes from Cocoa Pods and Palm Kernel Shell Treated

The standard procedure used in carrying out the chemical composition
{metal concentration) of the materials for this work was in accordance to the
Stiward Methods (described by Official Analytical Methods of Association of
Official Analytical Chemist) 1990., Ademoroti; 1996 and Rowel, 1993),

To compare relative effects of the additives on performance of sample,
varying proportions of cement and the Ashes from cocoa pods and palm kemel
shells were used to prepare mixtures.

The amount of additives used are expressed as percentage of the dry
weight of the sample. The total additives content used were 2%, 4%, 6%, 8%.
These proportions were generally acceptable for cement soil stabilization.

(Joint Department of Army and Air Force 1994).
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Table 3.1: Material Proportions for Sample Preparation

|_ Experimental | Soil Sample Cement Cocoa Pod | Palm Kernel
No (Label) U5 Ash % Shell Ash %5
98.0 2.0 - -
96.0 4.0 - -
A 94.0 6.0 - -
92.0 8.0 - -
98.0 1.5 0.5 -
B 96.0 3.0 1.0 -
94.0 4.5 1.5 =
92.0 6.0 2.0 5
08.0 1.5 - 0.5
c 96.0 3.0 - 1.0
94.0 4.5 - Lid
020 6.0 - 2.0
98.0 1.3 0.25 0.25
D 96.0 3.0 0.5 0.5
94.0 4.5 0.75 .75
92.0 6.0 1.0 1.0
98.0 - 2.0 -
£ 96.0 - 4.0 .
94.0 - 6.0 -
92.0 - 8.0 -
98.0 - - 2.0
96.0 - - 4.0
i 54.0 - - 6.0
92.0 - - 8.0
E 100 - - -
LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel Shell Ash.
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Mixing samples with additives was done manually at the optimum
moisture content of natural sample as obtained from compaction tests.

The test carried out in this research covered the following areas using;

. Soil only;
. Soil — cement
* 501l — cocoa pod ash

. Soil — palm kemel shell ash

. Soil - cement with cocoa pod ash

. Soil — cement with palm kernel shell ash

. Soil — cement with ashes from both cocoa pod and palm kernel

shell.

They were hand mixed after they were weighed prior to the mixing in
water at required proportions.

The specimen used for the tests are uncured samples.

The results are discussed in the next chapter (chapter four) with the
following relations shown.
" Particle size distribution curve.

' Moisture-density relations for natural and treated sample with varying

percentages.
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. Optimum moisture content versus mixture of (a) cement and ash from
cocoa pod (b) cement and ash from palm kemel shell (¢) cement and
ashes from both the cocoa pod and palm kemel shell.

¥ CBR versus the additives.

The chemical composition for the additive used were also determined.
The structural economic benefits of applving the composite admixtures

were evaluated.
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CHAFPTER FOUR
4.0 RESULTS AND DISCUSSION ¥ p v
This chapter presents the results of various geotechnical and chemical
tests carried out on all the samples. Tables and graphs were also plotted for
cach test. Properties such as grain size distribution, Compaction and California
Bearing Ratio of the samples were determined.

The natural moisture content of the soil was determined as 3.5%..

41 TEXTURE AND CONSISTENCY LIMIT OF NATURAL SOIL
The grain size analysis showed that the soil in its natural state has
percentage of gravel of fractions varying between 62% and 66%, sand
fractions ranging between 33% and 37% with the silt and clay fractions being
less than 1.0%. The result of the consistency limit of the natural soil gave
liquid limit of 34.0% and plasticity index of 16.2%. The soil thus classified in
group A-2-6(0). Table 4.1.2 show the results of the grain size distribution of
treated and untreated samples and fig 4.1.1 to fig 4.1.4 show the particle size
distribution curves of the samples. Appendix 6 also show the AASHTO

classification system tabie.
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Table 4.1.2: Results of the grain size distribution of treated and untreated

samples.
Sample % Specific | Group | Coarse Clay Liguid | Plastic | Plasticit)
Type | additive | Gravity | index | material | percentage | limit | limit | index
contents | (5.G.) passing
2.0 3:.13 0.0 99.0 1.0 42.0 | 27.0 15.0
4.0 3.33 0.0 96.5 35 44.0 | 30.0 14.0
A 6.0 3.52 0.0 96.0 4.0 40.0 | 28.0 12.0
8.0 3.50 0.0 97.0 3.0 46.0 | 34.5 1.5
2.0 2.63 0.0 98.5 1.5 343 19.7 14.8
4.0 2.78 0.0 97.0 3.0 350 | 204 14.6
B 6.0 2.94 0.0 97.0 3.0 370 | 131 13.8
8.0 3.05 0.0 93.5 4.5 38.0 | 216 11.9
2.0 2.63 0.0 97.0 3.0 350 | 23.0 12.0
4.0 2.63 0.0 97.0 2.5 39.0 | 31.0 7.33
C 6.0 2.63 0.0 97.0 3.0 420 | 36.0 5.65
8.0 2.78 0.0 96.3 3.5 47.0 | 41.0 6.0
2.0 2.78 0.0 97.5 2.5 41.0 | 258 15.2
4.0 2.78 0.0 97.5 2.5 43.0 | 290 14.0
D 6.0 2.78 0.0 98.0 20 45.0 | 32.7 12.3
8.0 2.94 0.0 96.5 3.5 47.0 | 36.3 10.7
E 0.0 2.57 0.0 99.5 0.5 34.0 17.8 16.20
LEGEND

A = 80il + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell; E
= Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.1.3: Uniformity Coefficient (C,) of Samples

Samples % additive Dy (mm) Dyg(mm) | Cu=""%,
confents (Uniformity
coefficient)
2.0 3.0 .30 10.70
4.0 3.0 0.20 15.00
A 6.0 3.8 0.20 19.00
&0 4.0 0.20 20.00
2.0 4.0 0.50 8.00
4.0 3.0 0.20 15.00
B 6.0 4.0 0.30 13.30
s 3.0 0.20 15.00
2.0 5.0 0.60 830
4.0 4.4 0.50 £.80
c 6.0 4.0 0.30 13,30
e 3.0 0.16 18.80
2.0 i3 0.25 13.20
4.0 3.0 0.30 10.00
D 6.0 5.5 0.30 18.30
= 3.0 0.15 20.00
E 0.0 5.0 0.65 7.70

The particle size distribution curves are plotted for sample A - E with
their respective subscript. The sizes [y and Dy, are read from the curves and
the values of Cu are calculated as shown in table 4.1.3.°

LEGEND

A = Boil + Cement; B = %oil + Cement + Cocoa Pod Ash: C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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LEGENT

b= Sl + Cemnent; Bo= %Sl + Cemenl + Cocos Pod Aah C = S0il + Cement + Palm Kemel Shell Asl: D = Soil +
“ement + Ashes From Cocon Pod And Palm Kernel Shell; E = Soil Sample Only, F= Soil + Cooss Pod Ashy G =S +
‘gl Kemel Shell Azh
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LEGEND

A=Boil + Cemend; B = Soil + Cement + Cocoa Pod Adh C = Soil + Cement + Palm Bemel Shell Ashe [ = Sl +
Cement + Ashes From Cocoa Pod And Palm Kemnel Shell; E = Soil Semple Onty, F = Soil -+ Cocon Pod Ash; G = Sail +
Palin Kermel Shell Ash
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-2  SPECIFIC GRAVITY

it was observed from Table 4.2.2 that the specific gravity value ranged
between 3.1 at 2% additive content and 3.5 at 8% additive for soil — cement
mixture, 2.6 at 2% additive and 3.1 at 8% additive for soil — cement mixture
with cocoa pod ash. Also, the respective values of the specific gravity for soil
cement mixture with palm kemnel shell ash and soil ~cement mixture with the
ashes from cocoa ped and palm kernel shell at 2% additive content are 2.6 and
2.7 and at 8% additive contents are 2.7 and 2.8.

Un the other hand the specific gravity of cement, cocoa pod ash, palm
kermnel shell ash and the natural soil are 3.6, 2.6, 2.6 and 2.5 respectively. The
results indicated that the use of these additives gave higher specific gravitics

than the natural soil.
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Table 4.2.2: Result of Specific Gravity Tests for the Samples and Additives used
from
pad

SAMPLE A SAMPLE B SAMPLE C SAMPLE D sampis | used from
anly palm

2% | 4% | % | 8% [ 2w | 4% | ew | 8w | Im | 4% B% | 2% | 4% | ew | gw | contrel) karms|
shall

f2 | 450 | 263 | 278 | 204 |305 |263 | a63 |283 |278 |Z18 | 278 | .78 | 2.4 | Z.67 3.57 168 | 183

B G 113 333 .52

LEGEND
..'\-E'-nil +ﬂ=nm1, H-Sml+l|::unmt+::nm?nd-ﬂmh C = Soil + Cement + Palm Kemel Shell Ash; D = Soil + Cement + Ashes From
all Sumple Only, F = 8ol + Cocon Pod Ash; G = Soil + Palm Kemel Shell Ash,




-+ CONSISTENCY LIMIT OF THE TREATED SAMPLES

in the case of the consistency limits of the treated samples, the liquid
limit ranged between 42% at 2% additive content and 46% at 8% addiuvs
while the plasticity index ranged between 11.5% at 8% additive to 15.0% al
2% additive content for soil-cement mixture (A) (table 4.3.3A). Similarly, the
hiquid limit ranged between 34.3% at 2% additive content and 38.0% at 8%
additive content while the plasticity index ranged between 11.9% at 8%
additive content and 14.8% at 2% additive content for soil-cement mixture
with cocoa pod ash (B) (table 4.3.3.B).

On the other hand, the liquid limit ranged between 35% at2% additive
content and 47.0% at 8% additive content while the plasticity index ranged
between 5.65% at 6% additive content and 12.0% at 2% additive content for
soil-cement mixture with palm kernel shell ash (C) (table 4.3.3C) and for the
mixture of soil-cement with the ashes from cocoa pod and palm kemel shell,
that is sample D, the liquid limit ranged between 41.0% and 47.0% at 2% and
8% additive content respectively while the plasticity index ranged between
10.7% at 8% additive content and 15.2% at the 2% additive content (table
4.3.3D).

Generally, lateritic soils with high plasticity index are not usually
recommended for both sub-grade and sub-base materials since they often resull

in roads failure due to plastic flow, It is for this reason that such soils are
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asuaily stabilized (Joint Department of the Army and Airforce 1994). The
resuits of this research show that the use of palm kemel shell ash as a modifier
alone had positive effect on the soil-cement mixture (sample C). Its addmion
reduced the plasticity range of the soil-cement mixture. It is seen that the
“addition of cocoa pod ash to soil-cement, that is sample B and a mixture of all
three additives (cement, cocoa pod ash and palm kemel shell ash) with soil
(that is sample D) did not significantly alter its properties. Hence a mixture of
all three additives (D) and cocoa pod ash (B) may not be encouraged. All these

are shown on fig 4.3.1 - fig. 4.3 .4,

Table 4.3.3 Results of Consistency Limit test for Treated and Untreated
Samples

Table 4.3.3A Results of the consistency limit test for Sample A
Soil Sample + Cement

Additive Content (%) |  Liquid Limit (%) Plastic Limit (%) Plasticity Index (%)
0.0 3 17.8 16.2
2.0 420 27.0 15.0
4.0 44.0 30.0 14.0
6.0 40.0 28.0 12.0
8.0 46.0 34.5 11.5 ]

Table 4.3.38B Results of the consistency limit test for Sample B
Soil Sample + Cememt + Cocoa Pod Ash

Additive Content Liquid Limit (%) | Plastic Limit (%) | Plasticity Index (%) |
(%a)
0.0 34.0 17.8 16.2
2.0 34.3 19.5 14.8
4.0 35.0 20.4 14.6
6.0 37.0 232 13.8
8.0 38.0 26.1 1.9
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fable 4.3.3C Results of the consistency limit test for Sample C
Soil Sample + Cement + Palm Kernel Shell Ash

Additive Content Ligquid Limit (%) Plaxtic Limit (%) | Plasticity Index (%)
(%)
0.0 34.0 17.80 16.20
2.0 35.0 23.0 12.00
4.0 39.0 31.0 7.33
6.0 42.0 36.0 3.63
8.0 47.0 41.0 6.00

Table 4.3.3D Results of the consistency limit test for Sample D
Soil Sample + Cement + Cocoa Pod Ash + Palm Kernel Shell Ash

| _Additive Comtent (%) | Liguid Limit (%) | Plastic Limir { %) | Plasticity Index (%)
0.0 34.0 17.8 16.2
2.0 41.0 25.8 1532
4.0 43.0 29.0 14.0
6.0 45.0 32.7 12.3
8.0 47.0 363 10.7
LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell; E
= Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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14 COMPACTION CHARACTERISTICS

Table 4.4.3 shows the summary of the Maximum Dry Density and the
corresponding Optimum Moisture content of the treated and untreated samples
at modified AASHTO level. From the table. the dry density for natural soil is
ohserved to be 1980kg/m’. For the soil-cement mixture, the dry density ranged
between 1990kg/m’® at 2% additive and 2170kg/m’ at 8% additive. Also the
dry density ranged between 1920kg/m” at 2% additive and 2030kg/m” at &%
for soil-cement mixture with cocoa pod ash as a modifier.

In a similar way, when the palm kermel shell ash was used as a modifier
with soil-cement mixture, the dry density of 1950kg/m’ at 2% additive and
2060kg/m” at 8% additive were obtained and when the two modifiers (cocoa
pod ash and palm kernel shell ash) are used with soil-cement mixture, the dry
density of 1960kg/m” at 2% additive and 2040kg/m” at 8% were also obtained.
On the other hand, the use of each of these modifiers (i.e. cocoa pod ash or
palm kemel shell ash) without the addition of cement gave values of
1900kg/m” for each of them at 2% additive and a maximum value of
2020kg/m’ and 2040kg/m’ respectively for cocoa pod ash and palm kernel
shell ash as their dry densities. These are shown on fig. 4.4.1 to fig. 4 4.6.

A comparison of these results showed that each of the additives had
positive effect on the soil as they all improved on the dry density of the natural
soil. However, the best result was obtained at 8% cement only given a value of
2170kg/m’. If however, any of the other two modifiers is to be considersd,
palm kernel shell ash will be a better replacement since a higher dry density

was obtained with its use over that of cocoa pod ash.



Table 4.4.3 Results of compaction tests for the treated and untreated samples with the additives

Additive A B C D E F G
Comtent | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC

% 19.9 13.9 19.2 14.0 19.5 8.0 19.8 8.0 18.9 11.8 19.0 8.0 19.2 14.0

4% 20.4 12.5 19.5 14.0 20.0 1.0 19.7 11,0 193 12.5 19.4 14.0
6% 20.8 11.1 20.2 11.0 202 12.0 19.9 11.0 0.1 1.8 19.8 13.0
8% 21.7 13.0 20,3 1.0 20,6 1.0 20.4 8.0 20.2 9.5 20.4 12.2

Mote: The OMC were used in the C.B.E. Tests
M.D.D, = Maximum Dry Density
0.M.C = Optimum Moisture Content.

LEGEND
A = Soil + Cement: B = Soil + Cement + Cocoa Pod Ash: C = Soil + Cement + Palm Kemnel Shell Ash: D = Soil + Cement + Ashes From

Cocoa Pod And Palm Kernel Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel Shell Ash.
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45 CALIFORNIA BEARING RATIO (CBR)

The unsoaked C.B.R was used in this research and the compactive effort
used was 3.06KN-m/cm’. From Table 4.5.3 the CBR value of the untreated
soil sample gave 21%. In the case of treated sample, the CBR values ranged
between 35.0% at 2% additive and 115.0% at 8% additive for soil-cement
mixture (that is sample A); 69% at 2% additive and 127% at 8% additive for
soil-cement mixture with cocoa pod ash (Sample B). On the other hand, the
values ranged between 59% at 2% additive and 150% at 8% additive for soil-
cement mixture with palm kernel shell ash (sample C) and 110% at 2%
additive and 128% at 8% additive for the soil-cement mixture with ashes from
cocoa pod and palm kemel shell (sample D). Also the CBR. values ranged
between 35% at 2% additive and 110% at 8% additive for soil-cocoa pod ash
mixture and between 34.1% at 2% additive and 100.7% at 8% additive for
soil-palm kernel shell ash.

Generally the CBR values of the treated samples increased with increase
in the additives (Table 4.5.3 and fig 4.5.2). All the treated samples gave CBR
for based course values exceeding 80% which is the minimum permissible for
unsoaked CBR. (General Specification Requirements for Roads and B ridges
1992: Appendix 7). Therefore, these additives may be considered as suitable

replacement of cement in the ratio given in Table 3.1.
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Table 4.5.3: Result of the CBR test for the treated and untreated sampie:
with addiuves.
| Additive | Sample | Sample | Sample | Sample | Sample | Sample | Sample |

\comteni (%) | A%} | B(%) | CP) | D) | EM) | F(%) | G(%)
0 21.0 21.0 21.0 21.0 21.0 21.0 210
2 37.0 69.0 59.0 110.0 35.0 34.1 |
4 89.0 1020 97.0 114.0 843 75.6
6 95.0 116.0 106.0 125.0 052 86.2
8 115.0 127.0 150.0 128.0 1102 100.7
LEGEND

A = 8Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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LEGEND

A= S0fl + Cement; B = Soil + Cement + Cocon Pod Ash C = Soil + Cement + Palm Kemel Shell Ash; D = Soil +
Cement + Ashes From Cocoa Pod And Palm Kemed Sheli; E = Soil Sample Only, F = Soil + Cocon Pod Ash; G = Sail +
Palm Ecerned Shell Ash
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46 CHEMICAL ANALYSIS
The results of the chemical analysis of the additives used are presented

in Table 4.6. From table 4.6, the following observations were made. The
respective iron (Fe) contents of cement, cocoa pod ash and palm kernel shell
ash used were found to be 400.10mg/kg (4.10%), 320.35mg/kg (3.25%) and
345.15meg/kg (3.45%). Also, the magnesium conlent for cement was
360.50mg/kg (3.56%) while that of the cocoa pod ash and palm kemel shell
ash were found to be 327.98mgkg (3.28%) and 319.8mgkg (3.19%)
respectively. In a similar form, the calcium and sodium content for cement are
3160.0mg/kg (51.50%) and 120.20mg/kg (1.22%) respectively. Cocoa pod ash
has 4647mg/kg (46.48%) of calcium and 90 30mg/kg (0.93%) of sodium while
the values for calcium and sodium contents in the palm kemel shell ash were
respectively 647 5mg/kg (6.48%) and 85.80mg/kg (0.86%). The polassium
content in cement, cocoa pod ash and palm kernel shell used were 90.01mg/kg
(0.90%), 76.50mg/'kg (0.77%) and 63 20mg/kg (0.63%) in that order. Also
found in the analysis were manganese and zinc having their respective values
in cement as 11.11gkg (0.11%) and 56.40mg/kg (0.56%), cocoa pod ash as
8.83mg'kg (0.083%) and 56.40mg'kg (0.56%), cocoa pod ash as 8.83mg'kg
(0.083%) and 36.8mg/kg (0.37%) and palm kernel shell ash as 2.50mg/kg
(0.025%) and 45.85mg/kg (0.049%). Comparing this with the standard values,
in table 2.2, the result showed that cocoa pod ash has iron (Fe), Magnesium
(Mg}, Calcium (Ca}, Sodium (Na), and Potassium (K ) values which compared
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avoutably with cement. In a similar form. the result showed that the palm

kemel shell ash has Fe, Mg, Na, and K which also compared favorably with

cement but deficient in calcium (Ca) which is the major constituent of cement.

However, cocoa pod ash will be a better replacement since a higher percentage

of calcium which 13 the major constituent of cement was found in it

{Ademoroti ,1996).

Table 4.6: Results of the chemical analysis of the additives used

e Cement | Cocoapodash | FormFernel | Standard

mg/kg | % | Mphkg | % | mghkg | % (%)

[ Tron (Fe) 400.10 | 4.10 | 32035 | 323 | 34515 | 345 | 045

Manganese (Mn) | 11.11 | 0.11 | 883 |0.083| 2.50 | 0.025

Magnesium (Mg) | 360.50 | 3.65 [ 32798 [ 3.28 | 3198 | 319 [ 040 |

| Calcium (Ca) 5160.00 | 51.56 | 4647 |46.48| 6475 | 6.48 | 60-66

| Sodium (Na) 12020 | 1.22 | 90.30 | 093 | 8580 | 0.86 | 007

"Potassium (K) 90.01 | 090 | 76.50 | 0.77 | 63.20 | 0.63 | 007

; Zinc (Zn) 5640 | 0.56 | 368 | 037 | 4.85 | 0.049 .
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-7 COST ANALYSIS OF THE ADDITIVES

[he cost analysis of the additives in Naira per cubic metre N/m’ is a
relative cost deduced from a market survey of cement and other related
conditions. It was observed that when considering the use of 8% of the
additive in the ratio given in Table 3.1.

The cost of using 8% cement was 8406/m’, while 2% cocoa pod ash
with 6% cement resulted into ¥315/m”. The cost implication of using 2% palm
kemel shells ash and 6% cement was M332/m’. Considering the use of 6%
cement, 1% cocoa pod ash and 1% of palm kernel shell ash gave the cost of
M324/m”. Tt was observed from Table 4.7.2 that the use of 2% cocoa pod ash

with 6% cement has the least cost/m’.

Table 4.7.2 Cost Comparison of the Addutive used

% Additive used Cost /ni’ (W/nr’) o
8% Cement 406.00 o
| 2% Cocoa pod ash + 6% cement 315.00
2% Paim kernel shell ash + 6% cement 332.00

1% Cocoa pod ash + 1% Palm Kemel Shell | 324.00

ashes + 6% cement




Table 4.8: Summary of Results for Geotechnical Properties of the Treated and Unireated Samples

[P A= Eoll = camant [% by weight) | B = S0l - cament with cocos & = il = comant with palm O w80l - camant with ashes. | P = B0 - cocos pod ash (R By | G # 6Ol = paie kernel shel ash | Gemem | s i
of the peoed anh (% by wiga] kel ahall ash % By welght] | from bolh cocow pod and palm walght % by welght) Maby | sy
-hr:uu kermed shell (% by walght) waighl] | %

E]

sinnFized LT [TET) A f [LET v Al e sl Wiy
mimpus | s | s | | e | 7 ey xds i) H ey L] L i il i | | e | | o | omes | e | o | e ™
Ll% 4000 | 4400 | 400 | SAGD | W40 | OBOD | 3004 | BAO | DE00 | 2600 | 420 | 4700 | 418 | a0 i ETE]
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LEGEND

A= Sajl + Cement; B= Soil + Coment + Cocon Pod Ash C = 5ol + Cemnent + Palm Kemel Shell Asl; D = Soil + Cemient = Ashes From Cocea Fod Ard Palm Kermed Shell; E = Sail Sample
COndyv, F=Sail #* Cocon Pod Ash: G = Scdl + Palm Kemel Shell Ash.
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In the assessment of the geotechnical properties of lateritic soil
stabilized with cement, mixture of cement with ashes from cocoa pods and
palm kernel shells as partial replacement for cement, it was observed that:

* The maximum dry density of the treated samples increased above the
natural soil in all cases exceeding 2000kg/m” at 6% which is the
minimum dry density often specified for base-course material {General
Specification Requirements for Roads and Bridges 1992: Appendix 7).

o The CB.R values of the treated samples generally increased with
increase in additives and the values exceeded 80% which is also the
minimum value specified for unsoaked C.B.R for base course (General
Specification Requirements for Roads and Bridges: Appendix 7).

o Considering the fact that both cocoa pod and palm kemel shells are
treated as wastes, their use for this purpose will be of economic benefit
since they will serve as suitable partial replacement when stabilizing
with cement usually an expensive commodity.

o The chemical analysis of the metals of the additives used showed that
cocoa pod ash would be a better replacement materials for cement as
the palm kernel shell ash was deficient of calcium which is the major

constituent of cement



32 RECOMMENDATIONS FOR FURTHER RESEARCH

On the basis of test results, observations and conclusion, the following

recommendations are being made.

. Lincontined Compression Test should be conducted on the soil-
cement with ashes from cocoa pod and palm kemel shell to
determine the compressive strength for the assessment of their
structural use as base course material.

. Tests should be conducted in-situ to assess the durability of roads

constructed with ashes from cocoa pods and palm kemel shells

] llﬂ
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APPENDIX 1:

Results of Grain size

analysis of the samples.



APPENDIX 1

RESULTS OF PARTICLE SIZE DISTRIBUTION OF THE TREATED

AND UNTREATED SAMPLE
Tible 4.1.A1: Result of Particle Size Distribution of Sample Al
Sieve size | Weight Retained Cum. Wi % Refained % Passing
Retalned
9.5mm 9.0 9.0 4.5 95.5
6.7Tmm 18.0 21.0 9.0 B6.5
4.7 5mm 270 54.0 13.5 730
236mm 50.0 104 25.0 48.0
|.70mm 19.0 123.0 9.5 385
1.1 B 18.0 1.41 9.0 285
0.600ym 27.0 168.0 135 16.0
S00um 4.0 172.0 2.0 14.0
225um 5.0 177.0 20 14.0
212um 12.0 189.0 6.0 515
150um 4.0 193.0 2.0 35
T5um 5.0 198.0 25 1.0
43pm
—__PAN 2 200 L0 -
Mass of sample used = 200g
Table 4.1.A2: Result of Particle Size Distribution of Sample AZ
Sleve size Weight Retained Cuni. Wi % Retaimed % Passing
Retaimed
9.5mm 5.0 5.0 2.5 97.5
6, 7Tmm 13.0 18.0 6.5 91.0
4. 75mm 28.0 4.6 14.0 T1.0
2. 36mim 58.0 104.0 29.0 48.0
|.70mm 20.0 124.0 10.0 38.0
[.18mm 17.0 141.0 BS5 29.5
{1, 600wm 24.0 165.0 12.0 175
5004em 30 168.0 1.5 16.0
225um 50 173.0 2.5 13.5
212pm 10.0 183.0 5.0 £5
 150um 3.0 186.0 L5 740
T5um 7.0 193.0 35 15
43pm
PAN 7.0 200.0 35 -
LEGEND

A= Joil + Cement; B = Soil + Cement + Cocoa Pod Ash C = Seil + Cement + Palm Kemel Shedl Ash; D = Sail +
Cement + Ashes From Cocoa Pod And Pabn Kernel Shell, E = Soil Sample Only, F = Soil + Cocoa Pod Ash, G =

S0il + Poim Kemel Shell Ash
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lible 4.1.A3: Hesult of Particle Size Distribution of Sample A3

Sieve size Weight Retained Cum. Wi % Retained Yo Passing
Retained
§.5mm 10.0 10.0 5.0 3.0
6. 7mm 19 29.0 9.5 #5.5
4. 75mm 25.0 4.0 12.5 T30
2.36mm 55.0 1090 1.0 43.5
|, 70mm 18.0 127.0 9.0 36.5
|_1Bmm 14.0 141.0 7.0 285
0.600m 21.0 162.0 10.5 19.0
S00ym 4.0 166.0 2.0 17.0
225um 4.0 170.0 20 15.0
212um 10.0 180.0 50 10.0
150pm 3.0 183.0 1.5 8.5
75um 9.0 192.0 4.5 4.0
43pm
| PAN 3.0 200.0 4.0 -

Tuble 4.1.A4: Resuli of Particle Size Distribution of Sample A4

Sieve size Weight Retained Cum. Wi % Retained % Passing
Retained
9.5mm 10.0 10.0 an 3.0
6. fmm 220 320 1.0 84.0
4.75mm 27.0 39.0 13.5 70.5
2.36mm 55.0 144.0 213 43.0
1.70mm 18.0 132.0 9.0 4.0
1.18mm 14.0 146.0 7.0 27.0
0.600um 20,0 166.0 10.0 17.0
500pm 30 169.0 1.5 15.5
225um 4.0 173.0 2.0 13.5
212pm 8.0 1810 40 9.5
150um 2.0 183.0 1.0 8BS
T5pum 11.0 194.0 5.5 3.0
43um
PAN 6.0 200.0 30 -
LEGEND

A =500l + Cement: A= Soil + Cement + Coora Pod Ash C = Soil + Cement + Palm Kernel Shell Ash; D = Sail +
Cement + Ashes Prom Cocon Pod And Palm Kemel Shell; E = Soil Sample Only, F = Soil + Cocoa Ped Ash; 0=
Soil + Palm Kemel Shell Ash



4.1.B1: Result of Particle Size Distribution of Sample Bl

Kieve size Weight Retained Curm. Wt % Retained % Passing
Retained
0.5mm 10.0 10.0 5.0 05.0
6, Tmm 15.0 25.0 .3 8.5
4.75mm 30.0 55.0 15 725
2.36mm 64.0 19.0 32 405
1.70mm 21.0 140.0 10.5 30.0
I.18mm 16.0 LS_@D £.0 220
(LA00m 220 178.0 11.0 11.0
500pm 3.0 1810 1.5 9.5
225um 4.0 185.0 20 7.5
212um 7.0 192.0 15 4.0
150um 2.0 194.0 1.0 3.0
Tapm 3.0 197.40 1.5 1.5
A3pum -
PAN 3.0 200.0 1.5 -
Table 4.1.B2: Result of Particle Size Distribution of Sample B2
Sieve size Weight Retained Cume. WY % Refained % Passing
Refained
9.5mm 10.0 10.0 5.0 §5.0
6. 7mm 13.0 23.0 6.5 88.5
4. 75mm 22.0 45.0 11.0 TS
2.36mm 53.0 98.0 26.5 51.0
1. 70 mm 19.0 117.0 9.5 41.5
1.18mm 15.0 132.0 7.5 34.0
{1, 600m 24.0 156.0 12.0 22.0
500pum 4.0 160.0 2.0 20.0
225pm 6.0 166.0 0 17.0
212um 15.0 181.0 T.5 9.5
1 50um 4.0 185.0 2.0 715
75um 2.0 194.0 45 30
43pm
PAN 6.0 200.0 3.0 -
LEGEND

A=Safl + Cement; B = Soll + Cement + Cocoa Pod Ash C = Soil + Cement + Palm Kerned Shell Ash; D = Sorl +
Cemend 4 Ashes From Cocon Pod And Palm Kemel Shell; E = Soil Sample Only, F = Soil + Cocoa Posd Ash; (=
Soil + Palm Kemel Shell Ash
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le d.1.B3: Result of Particle Skze Distribution of Sample B3

Sieve size Weight Retained Cum. Wi % Retuined % Passing
Retained
0_Smm 3.0 30 1.5 j 98.5
6.7mm 19.0 22.0 9.5 §9.0
4.75mm 22.0 44.0 11.0 78.0
2.36mm 56.0 100.0 28.0 50.0
1.70mm 23.0 123.0 11.5 185
. 18mm 19.0 142.0 9.5 29.0
0.600pm 27.0 169.0 13.5 155
S00pm 4.0 173.0 2.0 13,5
225um 5.0 178.0 25 11.0
212um 1.0 185.0 35 75
150pm 2.0 187.0 1.0 6.5
75um 7.0 194.0 5 3.0
43pum
PAN 6.0 200.0 3.0 =

Table 4.1.84: Result of Particle Size Distribution of Sample B4

Sieve size Weight Retained Cum. Wi % Retained % Passing
Retained
. 5mm 4.0 4.0 2.0 08.0
6. Tmm 13.0 17.0 6.5 91.5
4.75mm 17.0 34.0 8.5 83.0
2, 36mm S2.0 860 26.0 57.0
1. 70mm 220 108.0 11.0 46.0
1.1 8mm 19.0 127.0 9.5 36.5
0.600um 30.0 157.0 15.0 215
S00um 4.0 161.0 2.0 18.5
225um 6.0 167.0 3.0 16.5
212um 11.0 178.0 55 11.0
1 50um 3o 1810 15 [X;
~ Sum 10.0 191.0 5.0 4.5
43pm
PAN 9.0 200.0 4.5 -
LEGEND

L=5pil + Cement: B = Soil 4 Cement + Cocoa Pod Ash C = Sadl + Cement + Palm Kerne! Shell Agh: D = Spi] +
“ament + Adbes From Cocoa Pod And Palm Kemel Shell; E = Sodl Sample Only, F = Soil + Cocon Poed Ash, 0=
il ¢ Pdm Kermel Shell Ash
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4.1.C1: Result of Particle Size Distribution of Sampile C1

Kieve size Weight Retained Cum. Wi % Retained % Paxxing
Retained
9. 5mm 15.0 15.0 75 925
& 7mm 20.0 35.0 10.0 B25
4,75mm 420 T7.0 21 61.5
2. 36mm 62.0 139.0 31 30,5
1. 70mm 17.0 156.0 8.5 220
I.18mm 13.0 1690 6.5 15.5
0.600um 15.0 184.0 TS 8.0
500um 2.0 186.0 1.0 1.0
225um 1.0 187.0 0.5 6.5
212um 2.0 189.0 .0 55
150um 1.0 190.0 0.5 5.0
Taum 4.0 194.0 2.0 1.0
43um
PAM 6.0 200.0 30 -
Table 4.1.C2: Result of Particle Size Distribution of Sample C2
Sieve size Weight Retained Clarre. We % Retained % Possing
Retained
9. 5mm 15.0 15.0 7.5 025
6. 7mm 2000 3.5 10 B2.5
4.75mm 370 7.2 18.5 a0
236mm 57.0 129.0 28.5 355
1.70mm 18.0 147.0 9.0 26.5
1.18mm 14.0 161.0 7.0 19.5
0.600um 18.0 179.0 9.0 10,5
S00m 3.0 182.0 15 9.0
225um 3.0 185.0 1.5 758
212um 5.0 190.0 25 5.0
| 50um 1.0 191.0 0.5 4.5
TS pm 4.0 195.0 2.0 2.5
43pum
PAN 50 200.0 2.5 -
LEGEND

A =%0il + Cement; B = Soil + Cement + Cooon Pod Ash C = Soil + Cement + Palm Kemel Shell Ash; [ = Sell +
Cement + Ashes From Cocoa Pod And Pabm Kenel Shell: E = Soll Sample Only, F = Soil + Cocon Pod Ash; 0 =

5ol + Palm Kemel Shell Ash
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4.1.C3: Result of Particle Size Distribution of Sample C3

A= Soil + Cement; B = Soil + Cement + Cocos Pod Ash C = Soil + Cement + Palm Kernel Shell A D = Soil +
Cemeni + Ashes From Cocoa Pod And Palm Kemel Shell; E = Soil Sample Only, F = Soil + Cocon Pod Ash; O =

Sml + Palm Kermel Sheall Ash

61

Sieve size Weight Retained Cum, Wi % Retained % Passing
Retained
9.5mm 9.0 9.0 4.5 935
6.7mm 14.0 23.0 7.0 885
4.75mm 230 46.0 11.5 71.0
2.36mm 60.0 106,0 30 47.0
1.70mm 20.0 126.0 10.0 37.0
1.18mm 18.0 144.0 9.0 28.0
0.600pm 26.0 170.0 13.0 15.0
500pm 3.0 173.0 1.5 13.5
225um 5.0 178.0 235 11.0
212pm 8.0 186.0 4.0 7.0
| 50pm L0 187.0 0.5 6.5
75um 7.0 194.0 3.5 30
43pm ==
PAN 6.0 200.0 3.0
Table 4.1.C4: Result of Particle Size Distribution of Sample C4
| Sieve size Weight Retained Cum. Wi % Retained % Passing
Retained
9.5mm - - - 100.0
6. 7mm 12.0 12.0 6.0 4.0
4.75mm 20.0 32.0 10.0 84.0
2.36mm 53.0 85.0 26.5 57.5
1.70mm 22.0 107.0 11.0 46.5
I.18mm 17.0 124.0 8.5 38.0
0,600pum 29.0 153.0 14.5 23.5
S00pm 4.0 157.0 .0 21.5
225m 6.0 163.0 3.0 18.5
212um 14.0 177.0 7.0 1.5
150pm 4.0 181.0 20 0.5
75um 12.0 193.0 6.0 3.5
43pm
PAN 7.0 200.0 3.5 -
LEGEND




ble 4.1.01: Result of Particle Size Distribution of Sample D1

Sieve size Weight Retained Cume. Wt % Retained % Passing
Revaimed
9. 5mm 6.0 6.0 3.0 97.0
. 7Tmm 15.0 21.0 1.5 BO.5
4.75mm 19.0 400 9.5 B0.0
236mm 31.0 91.0 25.5 54.5
1. 70mm 2000 111.0 10.0 44,5
L I.18mm 18.0 129.0 o.0 355
;_ {0.600um 27.0 156.0 13.5 22.0
500um 5.0 161.0 2.5 19.5
_ D5pm 7.0 168.0 3.5 6.0
212 um 17.0 185.0 B.S5 15
_ 150um 4.0 189.0 2.0 5.5
Tapm 6.0 1950 3.0 25
__43um
PAM 5.0 200.0 Z5 .
Table 4.1.D2; Resuli of Particle Size Disiribution of Sample D2
Sieve sige Weight Retained Cum. Wy % Retained % Passing
Retaimed
9. 5mm 5.0 5.0 25 ar.s
6. 7Tmm 16.0 2.1 8.0 £9.5
4.75mm 21.0 4.2 105 79.0
2.36mm 54.0 96.0 27.0 52.0
_I.Tﬂmm 21.0 117.0 10.5 41.5
1.18mm 18.0 135.0 9.0 325
_ﬂ.ﬁﬂﬂm 28.0 1a3.0 14.0 18.5
S00um 4.0 167.0 2.0 16.5
125um 6.0 173.0 3.0 13.5
212um 13.0 185.0 6.5 7.0
150um 3.0 189.0 I.5 5.5
T5um 6.0 195.0 30 25
43pum
PAN 5.0 200010 2.5 -
LEGEND

4= Boil + Cement; B = Soil + Cement + Cocon Pod Ash C = Spil 4 Cement + Palm Kemnel Shell Ash; [ = Soil +
“ement + Ashes From Cocoa Pod And Palm Kemel Shell; E = Soil Sample Cmby, F = Soil 4+ Cocoa Pod Ash; G =
2ol + Palm Kemel Shell Ash
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k¢ 4.1.03: Result of Particle Size Distribution of Sample D3

Sieve size Weipht Retained |  Cum. Wt | % Rewwined | % Passing
Retnined
9. 5mm 11.0 i1 5.5 043
6.7mm 28.0 39 14 80.5
4. 75mm 35.0 74 17.5 63.0
236mm 53.0 127 26.5 36.5
|.70mm 16.0 143 B.O 285
1.18mm 13.0 156 6.5 22.0
0.600um 17.0 173 3.5 135
S00um 3.0 176 1.5 12.0
225um 30 179 1.5 10.5
212um 7.0 186 35 7.0
150um 2.0 188 1.0 6.0
75um 8.0 196.0 4.0 20
43pum 3
PAN 4.0 200.0 2.0 -
Table 4.1.D4: Result of Particle Size Distribution of Sample D4
Sieve size Weight Retained Carre. Wy % Retained % Passing
Retained
&.5mm 1.0 1.0 0.5 093
6. 7mm 7.0 8.0 3.5 96.0
___4.75mm 14.0 220 7.0 29.0
& 36mm 44.0 66.0 2 67.0
1.70mm 19.0 £5.0 0.5 573
1.18mm 19 104.0 0.5 48.0
0,600m 33.0 137.0 16.5 315
500pm 6.0 143.0 30 28.5
225um 9.0 152.0 4.5 24.0
212um 21.0 173.0 10.5 135
~ 150um 7.0 150.0 3.5 10.0
75um 13.0 193.0 6.5 3.5
43pm
PAN 1.0 2000 35 -
LEGEND

A= Sall + Cement; B = Sl + Cement 4 Cocoa Pod Ash C = Soil + Cement + Palm Kermel Shell Ash; D = Safl +
Cement + Ashes From Cocon Pod And Poim Kemel Shell; E = Soil Sample Only, F = Sail + Cocon Pod Ash; G =

5ol + Palm Eernel Shell Ash
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- 4.1.LE: Result of Particle Size Distribution of Sample E
Kieve xize

Weight Retained Cum. W % Retained % Passing
Rerained
F  9.5mm 5.0 3.0 2.3 97.5
___6.Tmm 17.0 220 B.5 §9.0
4.75mm 28.0 51.0 14.5 74.5
2 36mm 70.0 121.0 35 0.5
__L.70mm 22.0 143.0 11 28.5
1.18mm 18.0 161.0 9 19.5
_ 0.600um 24.0 1B5.0 12 7.5
S00pum 3.0 188.0 1.5 6.0
225um 4.0 192.0 2.0 4.0
212pm 5.0 197.0 2.5 1.5
| 50um 7.0 197.7 0.35 1.15
TSum 1.3 199.0 0.65 0.5
43m
PAN 1.0 200.0 0.5 =
LEGEND

i =50l + Cement; B = Soil + Cementi + Cocos Pod Ash C = Soil + Cement + Palm Kemel Shell Ash; [ = Sail +
Cesenit + Ashes Fram Cocon Pod And Palm Keme] Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Aszh, G =
Sl + Palm Kemel Shell Ash
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APPENDIX 2:

Results of the Consistency
limit tests of the treated and

untreated samples

B3



APPENDIX 2

1 CONSISTENCY LIMITS TESTS OF THE TREATED AND UNTREATED
SAMPLES

[Table 4.3.1.A1: Consistency Limits tests of Sample Al
Additive Content; 2% Cememt + 98% Soil Sample

l 2 3 4 |
Mo of blows 45 39 33 20 R
L No ATl [AI2Z |AI3 [Al4 | ALX | ATY | AlZ
Mass of wet soil + can (W, + W) 327 1333 13386 |31.94 | 1545|170 | 160
Mass of dry soil + can (Wy + Wo) 320 1320 3286 |31.00 ) 15.15 | 168 | 158
Maes of can (W) 290 290 |3000 |2900 | 1400 | 150 | 150
| Mass of dry soil (W) 1.0 i3 286 (200 J1.15 |10 0.8
| Mass of moisture (W) 0.7 |10 1100 /0% |030 (03 [03
| Moisture content %o (M, ) 236 (303 |350 (470 |260 |30.0 |[250
{FL 27.0

Table 4.3.1.A2: Consistency Limits tests of Sample A2
Additive Content: 4% Cement + 96% Soil Sample

1 2 3 4
Moof blows 45 39 21 17 PL
Can No A2l |AZ22 A2 |A24 | A2X | A2Y | A2Z
Mass of wet soil + can (W + W) 3345 | 3394 | 3356 | 3423 | 1681 | 160 | 160
Mass of dry soil + can (W + W) 3245 | 3294 {3200 | 3273 | 1663 | 156 | 15.8
Mass of can (W) 29.00 | 30.00 | 29.00 | 30.00 | 16.00 | 150 | 150
Mass of dry soil (W) 345 |294 [300 [273 |063 |06 |08
Mass of moisture {W!:I 1.00 1.0 L.56 1.50 0.20 0.4 0.2
Moisture content % (M.) 290 340 |520 550 317 |333 |250
PL 30.0
Note:
MC = |Ww
Wds X 100 %a
LEGEND

A=380l + Cement; B = 5Sail # Cement + Coooa Pod Ash C = Sadl + Cement + Palm Kernel Shell Ash; [ = Sail +
Cement + Ashes From Cocon Pod And Palm Kemel Shell; E = Sail Sample Only, F = 5oil + Cocon Pod Ash; G =
Eadl + Palm Kemel Shell Ash
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Content; 6% Cement + 94% Soil Sample

lable 4.3.1.A3: Consistency Limiis tests of Sample A3

1 2 3 4
of blows 45 33 29 14 PL
A3l |A32 [A33 | AM | AIX | AJY | A3Z
Mess of wet soil + can (W + W) 34.18 | 3243 13395 | 31,56 | 328 [17.2 |16.]
Mass of dry soil + can (W, + W) 33.80 | 31.70 | 3295 | 31.0 | 220 |17.0 | 160
Mass of can (W} 30.00 | 29.00 {300 |300 |I150 |160 | 150
Miss of dry soil (W) 380 |270 295 |10 |70 |10 |10
Mass of moisture (W) 038 |0.73 | 1.0 056 |24 0.2 03
Moisture content % (M) 100 1270 (340 |560 (342 |200 |300
PL 28.0
Table 4.3.1.A4: Consistency Limits tests of Sample A4
Additive Content: 8% Cement + 92% Soil Sample
l 2 3 4

No of blows 46 35 20 15 PL

{Can No Adl | A42 [ A4 | A4 | AdX | AAY | A4T
Mass of wet soil + can (W, + W) 33.45 | 32.84 | 34.56 | 32.12 | 16.57 | 17.0 | 16.0
Mass of dry soil + can {W* + W) 3245 [ 320 1330 310 (1637 | 168 | 158
Mass of can (W.) 290 {290 |300 290 |1600 (168 |130
Mass of dry soil (W) 345 |30 3.0 2.0 037 (0B |03
Mass of moisture (W) 1.0 084 |156 |1.12 020 |02 0.2
Moisture content % (M) 9 380 |520 |560 535 |250 [255
L 345

LEGEND

A=3%ad + Coment; B = Sadl + Coment + Cocoa Pod Ash C = Sail + Cement + Palm Kemel Shell Agh; [ = Soil +
Cemera + Ashes From Cocoa Pod And Palm Kerpel Shell, E = Soil Sample Only, F = Soil + Cocon Pod Ash; G =

Boif + Palm Kernel Shell Ash
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:4.3.1.B1: Consistency Limits tests of Sample B1

Content: 0.5% Cocoa Pod Ash + 1.5% Cement + 98% Soil Sample

1 2 k] i
300 |280 |40 | 200 PL
lan Bl1 Blz2 Bl3 Bl4 Bl1X | BIY | BIZ
Mass of wet soil + can (W, + W,) 30.6 (3375 (354 [33.72 [17.0 (160 [17.1
Biss of dry soil + can (W + We) | 303 | 32.75 | 33.7 | 32.72 | 168 | 158 | 169
[ iaas of can (W.) 200 | 290 |290 |3000 | 160 | 140 16,0
s of dry soil (W) 1.3 |3.75 |47 272 |08 |18 |09
i 'ﬂfmﬂl.mlre W) 0.3 1.0 1.7 1.00 0.2 0.2 02
Miisture content %o (M.) 230 |270 360 |44.00 [250 |11.0 |222
i 19.5
Table 4.3.1.B2: Consistency Limits tests of Sample B2
| Adgitive Content: 1% Cocoa Pod Ash + 1% Cement + 96% Soil Sample
1 2 3 4
N of blows 400 | 360 | 280 17.0 PL
Can Mo B21 |B22 |[B23 |B24 | B2X | B2Y | B2Z
Mass of wet soil + can (W + W) 3392 [33.84 [ 33.63 | 34.53 | 163 160 17.76
Mass of dry soil + can (W, + W} 33.00 [ 33.00 | 32.63 | 33.00 | 1&.1 | 5.6 17.50
Mass of can (W) 2900 | 3000 | 30.00 | 30.00 | 15.0 14.0 | 16.00
Mats of dry soil (W) 400 [13.00 (263 1300 | 104 |16 1.50
Mass of moisture (W) 192 | 184 |1.00 ]153 |02 0.4 026
Motsture content % (M) 23.00 | 2B.00 | 3800 | 5100 | 192 | 250 | 17.00
PL 20,40
LEGEND

A=5all & Cement; B Saoil + Cement + Cocon Pod Ash C = Soil + Cement + Palm Kemel Shell Ash; O = Sodl +
Cement + Ashes From Cocon Pod And Palm Kemel Shell, E = Soil Sample Oaoly, F = Soil 4 Cocoa Pod Ash; =

Badl + Pabm Kemel Shel Ash




4.3.1.B3: Consistency Limits tests of Sample B3

ive Comtent. I.5% Cocoa Pod Ash + 4.5% Cement + 94% Soll Sample

1 2 3 4
af blows 450 |330 (200 |15.0 PL
e No B3l |B32 (B33 | B3 |BIX [B3Y | B3Z
of wet soil + can (W, + W,) 3244 | 339 |34.17 | 372 160 | 157 [ 159
of dry soil + can (Wg + W) 32.00 [33.0 |33.00 [350 [ 158 | 156 |157
of can (W,) 30.00 {300 | 3000 |30.0 [150 [150 [15.0
of dry soil (Wg) 200 | 3.0 300 |50 0.8 0.6 0.7
of moisture (W) 044 | 0.9 L17 | 232 02 0.1 0.2
content % (M.} 2200 | 300 |39.00 | 440 | 3250 160 | 386
— 33
 Table 4.3.1.B4: Consistency Limits tests of Sample B4
| Additive Content: 2% Cocoa Pod Ash + 6% Cement + 92% Soil Sample
| 2 3 4
No of blows 350 | 300 |23.0 16.0 PL
| Can No B4l |B42 |B43 | B44 | B4X | B4Y | BAZ
{Mass of wet soil + can (Woy + W) | 35.08 | 35.0 | 20.68 [33.02 | 16.75 | 15.76 | 16.77
| Mass of dry soil + can (Wg + W) 34.08 | 340 | 19.00 | 32.00 | 1640 | 1640 | 1639
Miass of can (W) 30.00 | 31,0 | 15.00 | 30.00 | 15.00 | 15.00 | 15.00
[Mass of dry soil (We) 400 [30 400 [200 |1.40 140 |139
Mass of moisture (W) 1.08 | 1.0 168 (102 |[350 |360 |038
Muoisture content % (M) 27.00 | 33.0 | 42.00 | 51.00 | 25.00 | 257 | 273
L 26.0
LECGEND

A= 80l + Cement; B = Soil + Cemeni + Cocoa Pod Ash © = Sail + Cement + Palm Kemel Shell Ash; [ = Soil +
Cement + Ashes From Cocos Pod And Palm Kemel Shell; E = Soil Sample Only, F = Soil + Cocon Pod Ash; G=

Sall + Palm Kernel Shell Ash
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4.3.1.C1: Consistency Limits tests of Sample C1

1 . 3 4

of blows 45,0 3530 | 210 8.0 PL

Mo C11 Ci2 CI3 Cl4 CiX |CIY |CiZ
Mass of wet soil + can (Wi + W) 3266 | 35.16 | 35.90 | 355 | 164 [173 162 |
Mass of dry soil + can (W + W.) 320 | 3400 |34.00 | 350 | 160 [17.0 | 16.0
Mass of can (W) 30.0 | 30,00 | 29.00 | 30.0 14.0 16.0 15.0
Mazs of dry seil (W) 2.0 400 |500 |50 2.0 1.0 1.0
Mass of moisture (W.) 066 | 146 |190 |20 |04 |03 |02 |
Mosture content % (M) 230 |29.00 | 3800 |40.0 | 200 |290 | 200
L 23.0
Table 4.3.1.C2: Consistency Limits tests of Sample C2
Additive Content: 1% Palm Kernel Shell Ash + 3% Cement + 96% Soil Sample

| 2 3 4
Mo of blows 40.0 | 370 | 250 16.0 PL
Can No C21 |C22 |C23 |C4 |C2X |C2Y |C2Z
Muss of wet soil + can (W, + W) 3375 | 3645 [ 35095 | 364 1643 | 1645 | 17.3
Mass of dry soil + can (W + W) 33.0 | 35.00 | 34.00 | 340 | 1600 | 1601 | 17.0
Mass of can (W) 300 | 3000|2900 | 290 | 1500 | 15.09 | 160
Mass of dry soil (Wg) 3.0 500 |500 |50 1.00 1.00 1.0
Mass of moisture (Wa) .75 1.45 155 24 030 | 031 0.3
Moisture content % (M.) 250 | 2900 | 39.00 | 48.0 | 30.0 | 33.00 | 30.0
L 310
LEGEMND

& =5pil + Cament; B = Soil + Cement + Cocon Pod Ash C = Soil + Cement + Palm Kemel Shell Ash; [ = Spil +
Cement + Ashes From Cocos Pod And Palm Eemel Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; 0 =

Soil + Palm Kemnel Shell Ash
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4.3.1.C3: Consistency Limits tesis of Sample C3

Content: 1.5% Palm Kernel Shell Ash + 4.5% Cement + 94% Soil Sample

: ] 2 3 4
%0 of blows 420 |320 |200 | 160 PL
3 C32 | C33 34 CIX | C3Y | C3Z
Mass of wet s0il + can (W + W) 35.1 |36.7 [37.45 |34.62 | 17.73 | 14.74 | 18.0
s of dry so0il + can (Wy + W) 340 |350 |35.00)330 17.53 | 1454 | 17.0
Mass of can (W) 290 |300 |3000 300 |[17.00 | 14.00 | 14.0
gis of dry soil (Wa) 5.0 5.0 500 | 3.00 153 | 054 |30
ss of moisture (W) 1.1 1.7 [245 1162 (020 [020 |10
isture content %6 (M) 220 | 340 | 4900 | 54.00 | 37.70 | 3700 | 333
36.0
Tuble 4.3.1.C4: Consistency Limits tests of Sample C4
Additive Content: 2% Palm Kernel Shell Ash + 6% Cement + 92% Soil Sample
1 2 E] 4
Mo of blows 370 |270 |200 | 130 PL
Can No CAl_|C42 [C43 [ Cada [ CaX [cCay | CaZ
Mass of wet soil + can (W, + W) 367 |354 [37.7 |381 |164 [1743 | 174
Mass of dry soil + can (Wg + W) 350 |33.0 [350 |350 |160 |1670 [ 17.0
Mass of can (W.) 300 (300 |300 |300 15.0 16.00 | 16.0
Mass of dry soil (Wy,) 50 [30 |50 5.0 1.0 .00 | 1.0
Mass of moisture (W) 1.7 24 2.7 3.1 0.4 043 |04
Moisture content %6 (M) 340 |480 |3540 | 620 |40.0 |43.00 | 400
PL 41.0
LEGEND

A=5H + Cemeni; B = Soil + Cemeni + Cocoa Pod Ash C = Sail + Cement + Palm Kemel Shell Ash:; U = So1l +
Cement + Ashes From Cocon Posd And Palm Kemel Shell, E = Soil Sample Only, F = Soil + Cocon Pod Ash; G =
Eail + Palm Kemel Shell Ash
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lile 4.3.1.D1: Consistency Limits tests of Sample D1

Content: (. 25% Cocoa Pod Ash + 0.25% FPalm Kermel Shell Ash + 1.5% Cement +

98% Soil Sample
1 2 3 4

if blows 440 350 |230 | 180 PL

i } DIl ID12 I1DI3 |D14 |DIX |DIY |DIZ

s of wet soil + can (W, + W) 3468 [37.15 [ 3715 | 37.7 | 1777 170 [17.0

B of dry soil + can (Wa + W) 340 | 3500 | 350 |35.0 |[16.17 | 168 | 1638

s of can (W) 30,0 |29.00 [30.0 [29.0 [ 1639 | 16.0 | 160

i of dry soil (W) 40 |600 |50 |60 [139 |0E |08

of moisture (W,,) 068 [1.74 215 [27 |o038 (02 |02
content % (M.) 170 |29.00 | 43.0 |450 [274 [250 [250
25.8
le 4.3.1.D2: Consistency Limits tests of Sample D2
Cantent: 0.5% Cocoa Pod Ash + 0.5% Palm Kernel Shell Ash + 3% Cement +
96% Soil Sampie
I 2 3 4

of blows 37.0_[300 [229 [i6.0 PL ]
Car D2l |D22 |D23 |D24 |D2X |D2Y |D2Z
Mass of wet s0il + can (W, + W) 36.45 | 36.85 | 36.35 | 36.16 | 1632 | 16.0 | 16.32
Mems of dry soil + can (W + W) 350 [ 35.00 | 34.00 | 34.00 | 1622 | 158 | 1622
s of can (W) 30.0 | 30.00 | 29.00 | 30.00 | 16.00 [ 15.0 | 16.00
Miss of dry soil (W) 5.0 500 (500 1400 032 |08 032
Mass of moisture (W) 145 |1.85 1235 1296 |00 |02 | 0.10

isture content % (M) 29.0 | 37.00 | 47.00 | 54.00 | 31.20 | 25.0 | 30.80

290
LEGEND

o+ Pabm Kernel Shell Ash
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A=8oil + Cement; B = Soil + Cement + Cocoa Pod Ash C = Soil + Cement + Palm Kernel Shell Ash: [y = Spil +
fament + Ashes From Cocoe Pod And Palim Kemnel Shell, E = Soil Sample Caly, F = Soil + Cocoa Pod Ash; G =




able 4.3.1.D3: Consistency Limits tests of Sample D3

Mdditive Content: 0.75% Cocoa Pod Ash + 0.75% Palm Kernel Shell Ash + 4.5% Cement +

5% Soil Sample
1 ] 3 4
of hlows 450 1400 (250 |20.0 FL
[ No N3l D3z D33 D34 D3X | D3Y | D3Z
Mass of wet soil + can (W, + Wo) 36.0 |34.08 [ 36.02 [ 39.12 [ 1632 | 1640 | 15.07
of dry soil + can (Wa+ W) 350 | 33.00 | 35.0 36.0 1622 | 1601 | 1480
Muss of can fws} 30.0 | 29.00 | 29.0 30.0 16.00 | 15.09 | 14.00
Mass of dry soil (Wy,) 5.0 400 |60 6.0 032 | 1.0 (.80
Mess of moisture (W) 1.0 1.08 1.02 3.12 0.1 .31 027
Moisture content % (M) 200 270 1340 |[520 312 |330 |338
27
Table 4.3.1.104: Consistency Limits tests of Sample D4
M:'irm Comternt; 1% Cocoa Pod Ash + 1% Palm Kernel Shell Ash + 6% Cement +
928G Soil Sample
| 1 Z 3 4
No of blows 400|300 [200 | 14.0 PL
{an No D41 |D42 |Dd3 D44 | DX | DAY | D4Z
Mass of wet soil + can (W + W) 37.74 | 3752 | 38.24 | 3866 | 17.23 | 180 | 1645
Muss of dry soil + can (W, + W,!} 3600 | 35.0 3500 | 3500 | 17.00 | 15.7 16.00
Mass of can (Wi]l 30,00 | 29.0 2000 | 2000 | 16.00 | 14.0 15.09
Mass of dry soil (W) 600 |600 | 600 |600 |099 |3.0 | 1.00
Mass of moisture (w!] 1.74 2.52 3.24 3.66 .30 1.0 045
Moisture content % (M) 20000 | 4200 | 54.0 a1.00 | 30.3 333 45,00
P 36.3
LEGEND

A=5nil + Cement; B = Soil + Cement + Cocoa Pod Ash C = Soil + Cement + Palm Eernel Shell Ash; [ = Soil +
Cement + Aches Fram Cocos Pod And Pabm Kemel Shell; E = Soll Ssmple Only, F = Sall + Cocoa Pod Ash; G=
Sail + Pulm Femnel Shell Ash
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4.3.1.E: Consistency Limits tests of Sample E

Content: 1% Cement + [0% Sail Sample

] 2 3 4
af blows 430 | 390 |250 | 150 Pl
No Ell_|E12 |EI3 |El4 |EIX |EIY |EIZ

of wet soil + can (W + W) 350 350 [370 [375 157 |145 [179
Eafd:}r 50il + can (W + Wo) 34.0 (340 [350 (350 [156 | 144 178 |
Mass of can (W) 200 |300 [290 |290 |150 | 140 |17.0

of dry soil (Wa) 5.0 4.0 6.0 6.0 0.6 0.4 0.3

of moisture (W) 1.0 10 [20 |25 [e1r o1 |04
pﬁm content % (M.} 200 |250 |333 (4168 |160 (250 | 125
i, 17.8

LEGEND

=501 4 Cement; B = Sodl + Cement + Cocna Pod Ash C = Sail + Cement + Palm Kemel Shell Ash; B = Soil +
ement + Ashes From Cocoa Pod And Pabm Kemel Shell; E = Soil Sample Caly, F = Soil + Cocos Pod Ash; G =

ol + Palm Mernel Shell Ash



Table 4.3.2 SUMMARY OF RESULTS SHOWING MOISTURE CONTENTS AND NO OF BLOWS FOR

BOTH TREATED AND TREATED SAMPLES

A =5all = Cement; B=3ail + Cement + Coeea Pod Ash C = Soll + Cement + Polm Kemel Sholl Ash: D = Soil + Cement + Ashes From Cocon Pod And Palm Keenel Shell: E=

Sail Sample Cnly, F = 50il + Cocon Pod Ash; G = S0il + Palm Kermnel Shell Ash

SAMPLE A B —
 TESTNO 2% | 4% | 6% | B% | 2% | 4% | B% | B% | 2% | 4% | 6% | B% | 2% | 4% | 6% | 8% | 2% | 4% | 6% | 6%
0% Additive Content |
Mo of blows 430 [ 380 250 | 150
Moisture content % 200 | 25.0 | 3343 | 418
2% Additive Contant
No of blows 45,0 | 39.0 | 33.0 | 20.0 | 30.0 | 2B.0 | 24.0 | 20.0 | 45.0 | 350 | 21.0 | 16.0 | 44.0 | 35.0 | 23.0 | 18.0
Maisture content % 236 | 30.0 | 350 | 47,0 | 23.0 | 27.0 | 36.0 | 44.0 | 23.0 | 280 | 38.0 | 40.0 | 17.0 | 26.0 | 43.0 | 45.0
48 Additive Content
No of blows 450 | 30.0 | 21.0 | 17.0 | 40.0 | 36.0 | 28.0 | 17.0 | 400 | 37.0 | 25.0 | 16.0 | 37.0 | 30.0 | 22.0 | 16.0
Molsture content % 200 | 340 | 520 | 550 | 23.0 | 28.0 | 38.0 | 51.0 | 25.0 | 20.0 | 39.0 | 48.0 | 29.0 | 3a7.0 | 47.0 | 64.0
6% Additive Content
No of blows 450 | 330 290 | 140 | 450 | 33.0 | 200 | 15.0 (420 | 320 | 20.0 | 16.0 | 45.0 | 40.0 | 35.0 | 20.0 ]
Moisture content % 100 | 27.0 | 340 | 56.0 | 22.0 | 30.0 | 39.0 | 44.0 | 220 | 34.0 | 45.0 | 54,0 | 20.0 | 27.0 | 24.0 | 52.0
B9% Additive Content
No of blows 460 | 350 | 20.0 | 150 | 35.0 | 30.0 | 23.0 | 18.0 | 37.0 | 27.0 | 20.0 | 13.0 | 40.0 | 30.0 | 20.0 | 14.0
Molsture content % 290 | 380|520 | 560 | 270 | 330 | 420 | 51,0 | 34.0 | 480 | 54.0 | 62.0 | 20.0 | 420 | 640 | 61.0

LEGEND
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LEGEND

wil + Cement; B = Soll + Cemeni + Cocnn Pod Ash

il + Cement + Palm Kemel Shell Ash: 1) = Soil + Cement + Ashes From Cocoa Fod And Palm Kernel Shell:

ail Semple Only, F=%ail + Cocon Pod Ash; (3 = Sail + Paim Kernel Shell Ash
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LEGEND

Soil * Cement; B = Soil + Cement + Coosa Pod Ash C = Soil + Cement + Palm Kemnel Shell Ach; D = Sodl =
mf *+ Ashies From Ciocoa Pod And Pobm Kemel Shell; E = Soil Sample Onky, I = S0il + Cocoa Pod Ash; G =
+ Palin Kemel Shell Ash



APPENDIX 3:

Results of the compaction
test of the treated and
untreated samples
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TABLE 4.4:

APPENDIX 3

RESULTS OF COMPACTION TEST FOR BOTH ADDITIVE
TREATED AND UNTREATED SOIL SAMPLES
Table 4.4.1.A1: Compaction test of Sample Al
Additive Content: 226 Cement + 98% Soil Sample

1 i | ] 5 & T
A Gyl And wel Sampie (kg) 2.75 385 385 315 4106 A0 00
inde 1.85 108 .45 1.85 1,85 1.Ea .68
Etm‘lpi‘.lﬂm 1.10 2.00 1.58 2.30 a3 2,25 216
ity (KM 18.60 1960 195 280 Z1.89 Z10 Z1.10
T B |T B T B T B T B | T B | T B
tfCont. and wat Samgie (g) | 340 | 340 | 350 | 46.0 | 350 | 350 | 36.0 | 360 | 36.0 | 370 | 350 | 260 | 36.0 | &
Cont. and dry Sampie (g) | 33.0 | 33.0 | 340 | 470 | 30 | 340 | 350 | 350 | 240 | 340 | 330 | 230 | 33.0 | 3¢
100[10 |10 (10 |20 |10 |20 |20 |20 |30 |20 |30 |30 |3
140 | 140 | 150 | ir.0 | 150 | 150 | 160 | 160 | 16.0 | 16.0 | 150 | 7.0 | 160 | 1¢
Lol Dry Sample (g} 190 | 180 | 190 | 180 | V8.0 | 15.0 | 180 | 180 | 180 | 180 | 180 | 160 | 17.0 | 1)
: 53 |53 |53 |560 | 100 |53 |10 | 100 | 111 | 967 | 110 | 188 | 178 | 1
o8 molsture condent % 53 25 8.2 11.1 13.8 15.0 176 |
7.7 8.6 18.0 198 ¥ ¥ 78

Table 4.4.1.A2: Compaction test of Sample A2

Additive Content: 4% Cement + V636 Soifl Somple

Test Na ] F] 3 F] 5 5 T
n Gyl And wal Sampie (Kg) 70 360 i85 P 420 410 am
185 1.85 1.85 185 185 185 185
wwal sampie (kg) 1.85 1.75 210 297 i35 235 108
18.13 172 20,60 2180 | 2250 2207 1825
T B T B |1 B [T 8 |71 B |T |B |T |B
W Cont. and wat Sample (g) | 3.0 | 36.0 | 350 | 36.0 | 340 | 350 | 350 | 360 | 36.0 | 350 | 350 | 3.0 | 360 | =
W of Conl. and dry Sampia {g) | 33.0 | 350 | 340 | 350 | 330 | 330 | 330 | 330 | 33.0 | 33.0 | 330 | 320 | 320 | 3
" 10 |10 [10 |10 [10 |20 [20 |20 [30 [30 [20 |40 |40 |4
40 | 160 [ 150 | 17.0 | 140 | 150 [ 170 [ 00 | 160 | 6.0 | 150 | 160 | 136 [ T
of Dry Sample (g) 18.0 | 190 | 190 | 180 | 190 | 180 | 6.0 | 240 | 170 | 17.0 | 180 | 16.0 | 18.4 | ¥
E3 |53 |53 |53 |58 111 | 128 | 125 [ 178 | 178 | 111 | &0 | 217 | 2
e MOsbure comtent % 3] 55 8z 125 7.5 8.1 7T
17.2 183 180 20.4 200 8.7 71

LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
KEemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E = Soil Sample Only, F = Sqil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.



Table 4.4.1.A3: Compaction test of Sample A3

Additive Content: 6% Cement + 94% Soil Sample

1 ] 3 Il ' B | i
tl Gyl And wolt Sampie (kg) s 380 380 4.00 06 T T
1.85 185 1.85 1.85 185 1.85 1,85
1.80 .85 TZ05 216 220 .37 210
1680 1810 0,10 21,10 71.16 ] 20,60
T B T B T B T B T B T B T B
#Cont. and wel Sampls (g) | 300 | 380 | 380 | 360 | 340 | 250 | 350 | 360 | 340 | 370 | 350 | 380 | 30 | O
of Cont. and dry Sample (g) | 350 | 35.0 | 360 | 350 | 330 | 330 | 230 | 350 | 330 | 350 | 330 | 340 | 3240 | 330
10 |10 |10 |18 |10 |20 |20 [0 |10 |20 |20 |20 |30 | 30 |
Lla._l;l_.ﬂ 160 [ 17.0 | 140 | 150 | 1580 [ 170 | 140 | 480 | 150 | 180 | 150 | 180
18.0 | 19.0 | 8.0 | 18.0 | 180 | 18.0 | 18,0 | 1B0 | 19.0 | 17.0 | 180 | 180 | i7.0 | 17.0
E3 |53 |53 |58 |63 |17 |11 |58 |53 |18 | 114 | 11.1 | 178 | 17.6
moisture corten % 5.3 55 B.2 BA 86 1.1 175
(T&i 18.1 18.6 185 188 | 208 7.5
Table 4.4.1.A4: Compaction test of Sample A4
Additive Content: 8% Cement + 92% Soil Sampie
1 ] - 4 1 ] T
And wel Sampls (g} 78 LY 350 ) 4,00 373 405
185 185 1.85 1,88 1.85 1.85 1.85
1.90 200 2.5 b 11 ] 215 1.88 2.20
16,60 18.60 2010 20,60 21.10 18.40 21.80
T B T B T B T B T B T E___:'r_ B
of Conl_ and wel Sampie {g) | 260 | 250 | 350 | 35.0 | 250 | 300 | 350 | 360 | 300 | 340 | 350 | 360 | 350 | 30.0
of Conl and dry Samgie (g) | 250 | 25.0 | 340 | 300 | 230 | 290 | 320 | 340 | 28.0 | 320 | 33.0 | 330 | 320 | 27.0
1.0 1.0 10 | 20 2.0 1.0 30 1.0 20 20 |20 30 |30 E..-D_"_
GO | B0 150 | 50 50 1.0 | 150 | 150 | 110 | 180 | 150 | 160 | 150 | 10,0
8.0 | 180 | 190 | 160 | 18.0 | 1600 | 17.0 | 180 | 170 | 160 | 18.0 | 8.0 | 170 | 17.0
[ B3 |53 |63 [114 |11 |56 |176 ] 53 | 118 | 125 | 10.1 | 167 176 [ 178
mokElune conbant % 53 B2 a4 11.5 122 138 iTe
158 18,1 185 185 188 Fil 164

LEGEND

A = 5pil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; ID = Soil + Cement + Ashes From Cocoa Pod And Palm Kermel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel Shell Ash.
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Table 4.4.1.B1: Compaction test of Sample Bl

Additive Content: 0.5% Cocoa Pod Ash + 1.5% Cement + 98% Soil Sample

1 F] 3 [ [ ] el
AT0 EX 1 380 385 #.00 35 385
185 1.85 1.85 1,85 1.85 1.85 188
1.85 1.80 105 2.00 FRT 1.74 FET
161 18,1 1810 1860 2110 1705 2060
T _j__ T 5] T B [T 8 T B T B |1 E
= :i‘j*;| 380 E 350 | 350 | 350 | 380 | M0 | 350 | 340 | 380 | 380 | 380 | 38D
and dry Sample (gl | 240 | 350 {350 | 340 | 340 | 330 j 340 | 350 | 330 | 320 | 340 | 330 | 330 ) 330
10 |10 |30 |10 (10 |20 |20 |10 |30 |10 |20 |20 |20 |30
150 | 160 | 47.0 | 150 | 16.0 | 150 § 17.0 | 160 | 16.0 | 14.0 | 160 | 18,0 | 150 | 15,0
10.0 | 190 | 180 | 180 | 17.0 | 180 | 17.0 | 190 | 370 | 18.0 | 180 | 170 | 16.0 | 8.0
EY |53 |56 |53 |56 |111 | 118 |53 | 176 |53 | 90 | 178 | 167 | 16,7
53 55 BA A6 1.5 4.4 67
7.2 1ma 178 18.0 1889 162 1.7
Table 4.4.1.B2: Compaction test of Sample B2
Additive Content: 1% Cocoa Pod Ash + 3% Cement + 96% Soil Sampie
Tesl Nor i 3 3 4 F ] ] 7
a5 3.50 185 378 385 415 300
1.65 1.65 1.65 1.85 185 188 185
i8a | 185 200 153 210 230 205
18.60 8,10 15,60 18.52 20,50 2260 | a0
T |8 | |8 |t |8 |t |8 IT |8 |7 |8 [T |®
480 | 370 | 350 | 350 | 350 350 | 360 | 950 | 360 | 37.0 | 360 | 350 | 360 | 360
470 | M0 | 340 | 340 | 340 | 340 | 350 | 340 | 344 | 350 | 340 | 330 | 330 E
1.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.5 20 20 (30 |30 [aD
ol Contaimer (g) Zr0 | 80 | 180 | 150 | 170 | 170 | 160 | 165 | 480 | 7.0 | 160 | 180 | WO | B0
lﬂfﬂfrslnﬂm 200 § 2000 | 190 | ¥80 | V7.0 | 170 | 190 | 185 | 180 | 180 | 180 | 17.0 | 170 | 0
coraent % 50 |50 |52 |56 |59 |58 |105 |56 |81 | 101 | 100 | 178 | 176 | 178
[serage maisture content % 50 55 59 CE] 13 144 7
Iy Dunsity (KNim) 77 [CH] 161 175 188 195 [EA]
LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Seil + Palm Kemnel Shell Ash.
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lable 4.4.1.B3: Compaction test of Sample B3

ddditive Content: 1.5% Cocoa Pod Ash +4.5% Cement + 94% Soil Sample

1 1 E i 5 B T
dCyl And wet Sampie (k) 165 375 380 E¥ 7] 3590 i@ 30
1.85 1.85 1.85 1.85 1.85 1.85 1.85
1.80 1.50 1.85 FI7] 208 184 205
i7.70 16.60 18.10 0.63 F0.10 1800 20,10
T " 8 (T |8 [T |8 (T |BE [T |8 |7 18 |
o Cort. and wet Sampie (@] | 34.0 | 5.0 | 35.0 | 49.0 | 350 | 500 | 450 | 350 | 36.0 | 340 | 350 | 360 | 4.0 | 500 |
o Cort. and dry Sampla (g) | 330 | 35,0 | 340 | 450 | 340 | 45.0 | 460 | 33.0 | 240 | 320 | 330 | 340 | 5220 | 47.0
10 |10 |10 |16 |10 |20 |10 |20 |20 |20 |20 |20 |30 |30
4.0 | 160 | 150 | 3000 | 150 | 60 | 340 | 58 | 6.0 | 120 | 150 | 16.0 | 4.0 | 300 |
18,0 | 150 [ 180 | 180 | 19.0 | 200 | 14.0 | 27.4 | 16.0 | 20.0 | 168.0 | 8.0 | 17.0 | 17.0
5% |53 [%3 |56 |53 | 100 |70 |73 | 120 | 100 | 161 | 100 | 1776 | 705 |
maisture content % 5.3 55 77 72 106 11,1 76
168 176 1.r 181 8.2 203 17.7
I'able 4.4.1.B4: Compaction test of Sample B4
Additive Content; 2% Cocoa Pod Ash + 6% Cement + 92% Soil Sample
1 F] E] F] ] =y | ]
Gyl And wal Sampie (Rg) 353 380 a8 380 415 ENL) 385
1.65 185 1.85 1.85 1.85 1.85 1.55
168 1.85 — 200 185 230 1.81 200
165 19,10 HT“E-_J 18.17 2260 18.78 18 80
T B |T |B |T |E |‘r"'"'i T |8 [T (B [T |B |
o Cort, and wet Gample (g} | 30.0 | 340 | 300 | 230 | 370 | 490 | 40.0 | 0.0 | 24.0 | 26.0 | 30.0 | 300 | 980 | 250
#GoniL. and dry Sampie (5) | 29.0 | 330 | 200 | 220 | 350 | 48.0 (380 | 480 | 21,0 (250 | 280 | 260 | 320 | 220
i0 [0 |10 [0 |20 |10 |20 |20 |30 |10 |20 |20 |30 | 3B
0.0 | 14,0 | 0.0 | 4.0 | 4.0 | 290 | 0.0 | 300 | 40 |60 | 11.0 | 110 | 150 | 50
790 | 190 | 190 | 180 | 210 | 210 | 180 | I80 | 170 | 190 | 170 | 17.0 | 7.0 | 170
E3 |53 |53 |68 |66 |50 |10 | 150|178 | 153 | 118 | 118 | 176 | 116 |
moisturn comant % 53 85 7.3 1.1 115 T 7.6
174 [T ] 183 203 200 08 167

LEGEND
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A = 8pil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Seil + Palm Kernel Shell Ash.



iable 4.4.1.C1: Compaction test of Sample C1

Additive Comtent: (1. 5% Palm Kernel Shell Ash + [.5% Cement + 98% Soil Sample

Tesd Mo | F] ] 4 [ B | T
Gyl And wet Sample (kg) EX T 380 380 385 36T 415 365
#f Cyinder fig) 1.85 1.85 1.85 185 1.65 185 1.85
wet sample (kg) 150 1.85 1,85 200 182 230 Zi0
Danalty (KN 18.6 1810 1810 19,60 7.6 ~#Zm0 | 2080 |
No T 8 [T |B [T J&8 (7 B T |8 |T 8 [T |B
of Conl. and wel Sampie (g) | 36.0 | 360 | 350 | 350 | 250 | 380 | 340 | 350 | 350 | 340 | 340 | 350 | 350 | 380
of Cori. andd dry Sample (g) | 355 | 355 | 340 | 345 | 4.0 H;_l'.l_. 320 |30 |0 [ 338 | 325 | 35| X0 | 330
Motstuee {gh ﬂ-i_ E_ J_E__ 0.5 o l_ll_ 20 1.0 0 0s 1.5 16 |20 20
of Contalrer (g} 16.0 | 16.0 | 150 | 750 | 150 | 760 | 14.0 | 160 | 150 | 120 | 140 | 160 | 150 | 150
o Dy Sampia (g) 195 | 185 | 1800 | 8.5 | 19.0 | 1.0 | 160 | 190 | 18D | 215 | 185 | 185 | 180 | 180
content % Z8 |23 |53 |26 [B5 |53 |58 |58 [11.1 |23 [&1 |83 | 151 | 111
maisturn confent % i5 4.0 53 55 BT B.1 LK)
Tansky (KN/m') 8.1 18.4 8.1 8.6 180 6.5 185
l'able 4.4.1.C2: Compaction test of Sample C2
Additive Content; 1% Palm Kerriel Shell Ash + 3% Cement + 96% Soil Sample
T Tewtho 1 F] 3 i ] [] 7
 Cyl. And wat Sample (kg) 370 378 375 385 405 385 385 |
of Cyfinder (g 1,85 .85 1.85 1,85 185 1.B5 1,65
et sample (ko) 1.85 150 1.90 FE] 2.2 21 20
e Dermsity (KNANT) X 186 1854 206 28 206 1685
taner Na T |B [T (BE [T |B [T B [T B [T |8 [T _[®
EZCont. and wet Sampin (g} | 35.0 | 25.0 | 50 | 3.0 | 30.0 | 45.0 | 45.0 | 3.0 | 4.0 | 450 | 350 | 50.0 | 35.0 | 50.0 |
Baf Cont. and dry Sampile (g) | 35.0 | 240 | 350 | 330 | 2.0 | 470 | 470 | 320 | 320 [ 47.0 | 330 | 47D ﬂ_ﬂ
f o Mcestura () o [ 10 1.0 1.0 | 20 20 | 20 2.0 20 |20 20 a0 an EL
E o Contgirar (g} 160 | 50 170 | 140 | 7.0 290 | 280 | 140 | 150 | 300 | 120 } A0 158 | 30.0
Eiﬂﬁl Sample (g) 190 | 190 | 180 | 190 | 30 | 200 | 180 | 180 | 170 | 170 | 210 | 170 | 170 | 180
fbahre comtnnd 53 (B3 |58 |55 (88 | %0 [11.1 114 |18 | 118 [596 [ 178 | 178 | t1.1
ey moisture content % 53 5.5 73 111 118 137 145
 Desesity (KNAm') 172 178 20.0 185 [EE] TE1 171
LEGEND

A= 8oil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Eemel Shell;
E = Soil S3ample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.

103



Table 4.4.1.C3: Compaction test of Sample C3

ddditive Content: 1.5% Palm Kernel Shell Ash + 4.5% Cement + 94% Soil Sample

Test Ho =, F] 3 F] 5 [] T
F 0y, And wel Sampie (kg) 366 370 155 3.00 30 400 385
Cyinger (ko) 1.85 1.85 185 1.85 1.85 185 1.85
sampla (ko) 1.80 185 .70 2.05 184 FEL FI)
Tensiy (FNINE) 17.70 1810 | 1667 2110 18,87 210 18,80
T B T B T B T B T B T B T LB

Cont and wet Samplo (g) | 30 | 230 | 360 | 350 | 340 | 340 | 300 | 26.0 | 34.0 | 350 | 350 | 240 | 600 | 36.0 |
¥Cont and dey Sample (g | 29.0 | 220 | 340 | 340 | 320 | 330 | 280 | 240 | 320 | 330 | 350 | 270 | 470 | 330 |
10 |10 |20 |10 |20 |20 |20 |20 | 2D |20 |20 |20 |30 |30
Container (g) 100 |30 | 130 [ 150 | 140 | #40 | 100 | 20 | 150 | 16,0 | 150 | 150 | 170 | 170 |
# Dry Sawmpie (g) 180 | 190 | 210 [ 190 | 180 | 180 | 180 | 200 | 17.0 | 170 | 18.0 | 150 | 170 | 1740 |
content % BY |83 |88 | &3 | 110 | 153 | 0.0 | 100 | 118 | 118 | 1.1 | 133 | 1776 | 116
mosture conterd % 53 T4 B2 10.2 1.8 12.2 178
Densily (KNAT) 188 189 160 ¥ 202 188 167

Table 4.4.1.C4: Compaction test of Sample C4

Additive Contenr: 2% Palm Kernel Shefl Ash + 6% Cement + 9226 Soil Sample

Tont Mo 1 F 3 a4 5 ] T
al And wel Sample (K3) 65 170 347 4 05 410 350 3ED
Cylinder (kg) 1.85 1.85 1.85 1.85 1.85 1.85 t.!ﬁ__:
wil sampds (kg) 1,80 1.8 162 2.20 225 205 1.05
Bansity (KN 1.70 18.10 15.80 a0 210 20.10 Wi
T 8 T B T B T B T B T B [T e
o Conl and wel Sampie (g) | 50.0 | 360 | 350 | 500 | 30.0 | 500 | 350 | 290 | 34.0 | 500 | 49.0 | 340 | 490 | 350
o Gont. and dry Sampis (3) | 49.0 | 350 | 340 | 400 | 280 | 495 | 330 | 360 | 320 | 470 | 470 | 320 | 480 | 120
0 |10 |10 |10 ‘95 |20 |10 |20 |20 |20 |20 |30 |30
o Coms=ner tg) 200 | 160 | 150 | 300 | 100 | 300 | 150 | 190 | 140 | 300 | 30.0 | 150 | 280 | 150
o Dry Sample (g} 190 | 160 | 160 | 160 | 180 | 195 | 18.0 | 190 | 180 | 80 | 17.0 | 17.0 | 170 | 70
et W 53 53 56 83 111 | 28 1.1 | &3 1M |11 | 11B | 118 | 1768 T?.f
momstare contant % 53 55 89 CF] 11 1.8 178
Densty (RNm') 168 175 17.0 200 208 18.0 162

LEGEND

A = 8pil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel Shell Ash.
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I'able 4.4.1.D1: Compaction test of Sample D1

Addivive Content: 0.25% Cocoa Pod Ash + 0.25% Palm Kernel Shell Ash + [.5% Cement +
98% Soil Sample

1 F] 3 4 i [ f
of Tyl And wel Sampie (kg) £ am | 55 380 3.63 405 360
1.85 1.85 1.85 i85 185 1.85 185
183 .85 7.50 1.65 1.78 Z20 T A
18.0 1810 18,60 19,10 1745 2160 0,18
T B T B T B T B T B T 8 |71 B |

af Cont. and wet Sample (g) | 350 | 38.0 | 43.0 | 490 | 500 | 350 | 380 | 490 | 26.0 | 350 | 350 | 350 | 350 | 28.0
of Cont. gnd dry Sormple {g) | 340 | 350 | 480 | 4BD | 280 | 340 | 240 | 800 | 230 | 40 | 320 | X340 | 320 | 330
10 (10 110 |10 |20 (10 j20 |10 |30 j10 |30 20 [A0 |30
150 | 16.0 | 280 | 300 | 300 | 150 | 170 | 290 | 60 | 150 | 150 | 120 | 160 | 160
0.0 | 990 | 190 | ¥6.0 | 1B, | ¥8.0 | 17.0 | 9.0 | 17.0 | 190 | 170 | 290 | 170 [ 170
B3 |53 |53 |66 |911 153 |18 |63 |78 163 |73 |66 |76 |176]
moisture content % 5.3 8.5 8.2 8.8 115 136 16 |

7.1 172 | 166 176 195 100 Wi |

Table 4.4.1.D2: Compaction test of Sample D2

Additive Content 0.5% Cocoa Pod Ash + 0.5% Palm Kernel Shell Ash + 3% Cement +
962 Soil Sample

1 ] 3 ] [3 [] T
Cyl. And wel Sample (kg) 365 ~350 | 380 | 380 %] 4.10 350
185 1.65 1.85 1.85 185 185 188
1.80 1.85 185 205 186 Za8 205
17.70 TE10 18,10 20,10 16.26 210 20,10
T |8 [T |B |T |B B [T 18 If |8 [T |[B

T

of Conl, and wet Semple{g) | 350 | 500 | 340 | 490 | 500 | 380 | 34.0 | 50.0 340 | 350 | 350 | 240 | 380 | 1.0

480 | 370 | 480 | 320 | 330 | 330 | 320 | 330 | 280
1.0 1.0 20 1.0 0 1.0 |20 20 20 20 | 20 E._I:I an |30
150 | 30 | 09.0 | 280 :n.n_ 18.0 | 14.0 | 270 | 9.0 E__ 7.0 _EEI 160 | 1.0
190 | 190 | 230 | 190 | 180 | 180 | 180 | 23.0 | 230 | 230 | 160 | 23.0 | 170 | 170
X3 |53 |B7 |53 [11.1 |63 [191 |87 |B7F |B7 | i25 [B7 | 176 | 178
mosture content % 53 7.0 8.2 89 0.6 18 178

16.8 169 1 183 1835 87 .1

LEGEND

A = So0il + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.4.1.D3: Compaction test of Sample D3

Additive Content: . 75% Cocoa Pod Ash + 0, 75% Palm Kernel Shell Ask + 4.5% Cement +

94% Soil Sampie
Teat Ho 1 z 3 4 [ B T
o Gyl And wet Sampe (g) 368 iTo ifs 385 EN -2 .05 4.00
¥ Cylinder (k@) 1.05 188 1.85 1.85 1.85 1.85 1.85
tlwel sampas (kg) 180 185 1.60 70 187 230 715
Denaity (KM 17.70 16.10 1860 19,80 1638 3160 % T
Fo T B [v |8 |7 |8 |7 [®8 [T [8 [T |8 T |8
o Cont. and wel Sample (g) | 350 | 250 | 35.0 | 500 | 350 | 280 | 340 | 350 | 50.0 | 360 | 400 | 350 | 34.0 360
W Cont and dry Sample (o) | 34.0 | 240 | 340 | 480 | 330 | 250 | 320 | 340 | 480 | 340 | 380 | 3200 | 31.0 | 330
Moisture {g) 10 |10 |10 |10 |20 |10 |20 |10 |20 |20 |Z0 |30 |30 |30
of Contminer (g) 150 |50 | 160 | 310 | 100 | 6.0 | 140 | 150 | 200 | 150 | 200 | 140 | 140 | 16.0
of Dvy Sample {g) 190 | 19.0 | 18.0 | 18.0 | 23.0 | 18.0 | 18.0 | 18.0 | 180 | 10.0 | 18.0 | 16.0 | 170 | 17.0
condent % 53 |53 |58 |56 |47 |53 |11 53 |05 |18 |11 [ 111 [1776]| 178
Mo conlen % 5.3 58 7.0 8.2 105 1A 178
Dersity (KA} 6.8 [T &) 174 18.1 105 199 18,7
Table 4.4.1.D4: Compaction test of Sample D4
Additive Content: 1% Cocoa Pod Ash + 1% Palm Kernel Shefl Ash + 6% Cemeni +
92% Soil Sample
Tust Ho ] 7 3 i 5 § ¥
o Gyl And wat Sampie (kg) 365 70 378 385 .73 4.05 55|
iig) gy 165 1.85 185 185 1.85 1.86 1.85
o wel sampie (g} 1.80 165 190 .00 1.88 220 2.00
Densly [KNAK) i7.70 18.10 18.60 19.60 1848 2160 15.5!:___'
Yo T |8 |7 |B ¥ |B |7t [8 |v [B |v [B |7 |8 |
o Conl. wnd wet Sample (g) | 6.0 | 350 | 35.0 | 500 | 50.0 | 34.0 | 50.0 | 30.0 | 30.0 | 45.0 | 46.0 | 300 | 350 | 23.0
of Cori, and dry Sample (g) | 35.0 | 340 | 340 | 40.0 | 490 [ 33.0 | 480 | 250 | 250 | 45.0 | 470 | 28.0 | 320 | 21.0 |
o Moisiin (g} 10 |10 |10 |10 |10 |10 |20 |20 |20 |+0 |20 |20 |30 |20
o Cortainer (g) 160 | 1650 | 16.0 | 300 | 300 | 160 | 250 | 10.0 | 100 | 290 | 24.0 | 120 | 150 | 3.0
W Dry Sample (@) 18,0 | 180 | 160 | V0.0 | 190 | 170 | 23.0 | 8.0 | 18.0 | 190 | 230 | 160 | 17.0 | 160
Urslee content % B3 |53 |56 |53 |53 [ED |67 |63 |11 | 53 |87 | 125 [ 178 | 111
Terage maistue consent % 53 ~ 55 56 70 B2 0.5 4.4
Ty Doty (KNITY) ) 7.2 7.8 183 04 198 7.1
LEGEND

A = Soil + Cement: B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; ID = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.4.1.E: Compaction test of Sample E

Additive Content: [00% Soil Sample + (% Cement

Test o 1 i 3 F'! [] [ |
Gyl And wat Sample (kg 360 avo 3105 400 A.57 420 5
1.85 1.85 185 1.65 1.85 1.85 1.
sample (kg) 176 1.85 Z10 215 172 7.35 3
Derity [FNNT) 17.20 TE10 060 21,10 16.61 Z5.10 I
T [B |T |B |T 8 (T |18 |T [E IT TE IT | E |
Bnd wel Sampia (g) 350 | 360 [ 350 | 300 | 570 | 350 | 360 | 560 | 350 | 350 | 260 | %0 [ %0 | 30 |
o Cont. and dry Gampie (g) | 34.0 | 350 | 350 | 360 | 360 | 330 | 340 | 340 | 320 | 33.0 | 240 | 330 | 310 | 320
10 |10 | 1.0 |10 |10 |20 |20 |20 |30 |40 |40 |30 |30 |30
150 | 16,0 | 170 | 1B0 | 170 | 150 | 170 | 170 |86 | 174 | 60 | 17.0 | 160 | 1680
o Dry Sample (o) 190 | 10.0 | 180 | 780 | 190 | 180 | 170 | 17.0 | Z34 | 156 | 8.0 | 160 | 160 | 180
53 |53 |56 |53 |53 |111 | 118 |18 | 128 | 128 [ 11.1 | 180 | 188 | 188
moisture conlen % 5.3 55 B.2 18 18 B0 )
163 EE#] L] 18.9 168 201 5

LEGEND

A =Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Seil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel Shell;
E =8oil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.4.1.F1: Compaction test of Sample F1

Additive Content: 2% Cocoa Pod Ash + 958% Soil Sample

Test Mo i -3 3 s 5 8 L]

3 Gyl And weal Sample (kg) 385 38 a.00 a0 460 57 390

3 Cylnder (kg) 188 185 165 185 185 188 185
2.00 210 215 1.85 - 242 205
19.80 20,80 .10 T!JI F2.10 20,78 201

e T |8 |7 |8 [T |8 [T [® [¥ JBE IT
Gont. and wel Sampie (g) 0 | 480 | 34.0 | 350 | 360 | 350 | 350 | 380 | 36.0 | 290 | 360 | 380 | 310

X500
Conl. and dry Sampée (g) | 340 | 470 350 | 330 | 350 | 350 | 330 | 330 | 340 | 33.0 I_il.{l 330 |30 | 280

Moistune (g} 10 |10 |10 |20 |90 |10 |20 |30 |20 |30 |Z0D |30 |30 |30
f Conlginer (g) 16,0 | 17.0 | 14,0 | 150 | 17.0 | 17.0 | 150 | 150 | 160 | 16.0 | 6.0 | 17.0 | 160 | 11.0 |
.o Dry Sarngle (g) 18.0 | 180 | 190 | 180 | 180 | 180 | 180 | 6.0 | 180 | 17.0 | 8.0 | 16.0 | 17.0 | 17.0
53 |58 |53 |04 | 199 |58 |14 | W6F | 110 | 17.6 | 19.1 | 188 | 176 | 116
e moislure content % 55 B2 ¥ 130 14.4 15.0 178
 Dersity (KNInT) 186 180 180 188 16.4 175 7.1
Table 4.4.1.F2: Compaction test of Sample F2

Addivive Comtent: 4% Cocoa Pod Ash + 96% Sod Somple

Tast N 1 a 3 L] 8 [ ] T

¥ Cyl. And wet Sample (kg aATs 380 308 408 166 a90 375
T Cyfinger (kg) 1.85 185 185 185 1.85 185 185
Mo wel sample (kg) 1.10 185 210 220 1.8 20 280
fe Censhty (KNAK'} 18.60 18.10 20.00 Z1.60 7.8 210 186D

T B T B T B T B T B _?__ B T |8
0. of Cond. and wat Sample (g) | 36,0 | 36.0 | 360 | 360 | 360 | 37.0 | 340 | 45.0 | 350 | 360 | 500 | 350 | 360 | 260 |
#iCont, and dry Sample (g) | 35.0 | 350 | 350 | 350 | 340 | 350 | 320 | 47.0 | 330 | 330 | 47.0 | 330 | 330 | 240
[ =T Msisture (g) 70 [0 |10 |10 |15 |20 |20 |20 |20 |30 |30 |20 |30 |20
«f Cartainer {g) V6.0 | 180 | 16.0 | 170 | 160 | 170 | 150 | 200 | 170 | 8.0 | 30 | 120 | 170 | 6.0
of Ory Samnpia {g) 180 | 790 | 190 | 80 | 8.0 | 180 | 170 | 17.0 | 160 | 24.0 | 17.0 | 21.0 | 160 | 180
53 (53 |53 |55 |81 |110 | 118 | 1108 | 125 | 125 | 176 |86 | 168 | 11.1
oa molshure condent 5% 53 55 8.6 11.B 125 137 15.0

ity (KNim 7.7 181 B8 1813 83 | 182 174 |

LEGEND

A =30il + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemnel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemnel Shell;
E = Soil Sample Only, F = Seil + Cocoa Pod Ash; G = Soil + Palm Kernel Shell Ash.
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lable 4.4.1.F3: Compaction test of Sample F3

ddditive Content: 6% Cocoa Pod Ash + 94% Soil Sample

1 - | a q 5 i T
Gyl And wel Sample (kg) 375 380 355 208 372 180 578
1.85 1.85 1.85 1.B5 185 185 1.85
1.85 1.85 2.10 230 .87 1.58 1.80
18.60 19,10 20,80 60 1634 1910 1680
T B |T |8 |T |8 [T |8 [T |BE Y |8 T 1& ]
o Cont. end wel Sampie (g) | 480 | 3.0 | 30.0 | 350 | 34.0 | 49.0 | 340 | 350 'ﬁ:Tq.‘ﬁ 350 | 20.0 | 35.0 | 30.0 |
ol Cort. and dry Samplo (g) | 47.0 | 360 | 28.0 | 340 | 320 | 470 | 320 | 330 | 470 | 320 | 330 | 270 | 320 | 27.0
0 |10 |20 |10 |20 |20 |20 |20 |20 |20 [20 |20 |30 |30
270 | 180 |70 | 140 | 140 | 290 | 150 | 160 [ 30,0 | 950 | 150 | 150 | 150 | 10.0
200 | 200 | 290 | 200 | 780 | 180 | 170 | 170 | 7.0 | 170 | 180 | 150 | 170 | 170
6O |60 |95 |60 |919 | 191 | 198 | 11B | 118 | 118 | 111 | 133 | 178 | 178
e contenl % 50 7.3 1.1 1.8 11.8 122 17.8
7.7 18.4 185 198 201 162 158
Table 4.4.1.F4: Compaction test of Sample F4
Additive Content: 8% Cocoa Pod Ash + 92% Soil Sample
1 2 3 4 5 [ T
{4 Gyl And wel Samphs (kg) 370 385 a0 374 | 337 EY.L) 185
s 1.85 185 1.85 1.85 1.85 1.85 1.88
.85 Zo0 | 2.5 1.89 1.58 Z.00 1.65
~13.13 18,60 2140 1852 1485 18,60 19,10
T |BE |T |B |T [B |71 B | T B | T 85 |T |8 |
o Gonland wel Sampie (g) | 350 | 36.0 | 350 | 350 | 370 | 350 | 490 | 340 | 350 | 500 | 350 | 26.0 | 80.0 | 360
o Conl and dry Sampie (g) | 3.0 | 350 | 340 | 340 | 360 | 330 | 470 | 320 | 330 | 47.0 | 330 | 2.0 | 47.0 | 230
10 |10 |10 |10 |10 |208 |20 |20 |20 |20 |20 |30 |30 |30
150 | 170 | 970 | 170 | 150 | 300 | 150 | 120 § 30 150 | 7O 170 1'-"._:"_ 170 |
190 | 180 | 170 | 170 | 180 | Y80 | 170 | 170 | 210 | 17.0 | 180 | 160 | 17.0 | 17.0
53 |5E |58 |59 |53 |91 [ 118 | 118 |95 | 178 | 11.1 | 168 | 17.8 | 176 |
mostim contant % 5.5 53 B2 E] 17 15.0 178
iT2 185 18.9 202 LE A 172 167

LEGEND

A = Spil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Socil + Palm Kemel Shell Ash.
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Nable 4.4.1.G1: Compaction test of Sample G1

dddiive Comtent: 2% Palm Kernel Shell Ash + 983 Soil Sample

1 2 3 4 - L] 7
Tyl And wat Sampie (kg) TS “385 | 380 305 i | 380 185
1.85 185 iss | 188 | 185 | 1.85 1.85
1.10 210 205 Z.10 170 Z00 2048
1860 L) mig. = 20000 = “16.70 _'i-':r"."f'u“ 1m0

T
and we! Sample (g) | 260 | 26.0 | 350 | 360 | 350 | 350 | 350 | 36.0 | 350 | 500 | 350 | 230 | 340 | 500
WL and dry Sampie (p) | 250 | 250 | 340 | 350 | 340 | 330 | 320 | 34.0 | 330 | 47.0 | 320 | 21.0 | 320 | 47.0

10 |10 |0 |10 |10 |20 |20 (10 (20 [30 [30 |30 |30 |30
BO |&0 | 150 | 170 | 60 | 150 | 150 | 150 | 120 | 30 | 150 | 3.0 | 140 | 300
150 [ 190 | 180 | 1B0 | 170 | 190 | 17.0 | 180 | 21.0 | 7.0 | 170 | 180 | 170 | 17.0

EX |53 |63 |BB |58 | 111 | 178 |53 (95 |trE [ 178 | 111 | 176 | 176
5.3 55 B 11.5 137 144 176
17.7 181 185 185 180 182 T
Table 4.4.1.G2: Compaction test of Sample G2
Additive Content: 4% Palm Kernel Shell Ash + 96% Soil Sampie
Tasi No i i 5 N B ] i
| FC3 And wet Sample (kg) 380 LY T 188 400 4.06 3.58 EXE
185 1.B5 1.85 185 1.85 1.85 1.85
185 200 210 215 220 1.74 1,80
18,10 1960 T 2080 21.10 A z-t.ﬁ; __iros 1880

: T |8 [T |B |T |8 |T T

gont. and wel Sampie (g) | 36,0 | 350 | 350 | 360 | 370 | 350 | 260 | 350 | 340 | 350 | 350 | 360 | 360 | 380
Conl and dry Sample (g) | 350 | 34.0 | 35.0 | 340 | 340 | 350 | 340 | 230 | 320 | 320 | 330 | 330 | 330 | 330

: 10 |10 |10 |20 |15 |20 |10 |30 [30 (20 |20 [30 (30 |aD

17D | 150 | %60 | 17.0 | 160 | 170 | 150 [ &0 | 120 | 90 | 150 | 150 | 18.0 | 160
180 | 180 [ 190 | 170 | 180 | 180 | 190 | 170 | 200 | 230 | 18.0 | 180 | 17.0 | 170

BG |53 |63 |18 |81 |11 |53 |176 | 150 | @7 | 111 | 187 | 178 | 176
mststure content % 58 BE 9.5 115 119 138 176
2 : 178 181 168 188 185 194 17.7

LEGEND

A= 80il + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; I = Soil + Cement + Ashes From Cocoa Pod And Palm Keme! Shell;
E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.4.1.G3: Compaction test of Sample G3

Additive Comtent; 636 Palm Kernel Shell Ash + 94% Soil Sample

Tosl o 1 z 3 [} 5 & | 7
And wat Sample {kg) ars 380 3% 400 a5 350 38a
(kg 185 1.85 1.88 1.85 1.85 1.88 1.85
sample (Rg) 110 185 70 215 230 206 240
(NN TE60 010 20,60 0 2260 7010 1960
3 T |6 |T |B T [B [T |B |T |68 |T |[B [T |8 |
and wel Sampie (g) | 340 | 340 | 350 | 360 | 350 | 340 | 36.0 | 350 | 350 | 350 | 35.0 | 500 | 250 | 25.0
ool and '33.0 | 33.0 | 350 | 350 | 35.0 | 330 | 340 | 33.0 | 330 | 33.0 | 320 | 48.0 | 220 | 32.0
Volsture ig) 10 |10 |10 |10 |27 |10 |20 |20 |30 |20 |30 |30 |30 |30 |
Confainar (g) 140 | 140 | 160 | 170 | 150 | 740 | 160 | 150 | 160 | 150 | 160 | 300 | 50 | 150
(1] 9.0 | 9.0 | 19.0 | 180 | 180 | 790 | 180 | 160 | 180 | 180 | 170 | 160 | 17.0 | 7.0
content % 53 |53 |53 |68 |11 |63 | 101 | 191 |67 | 19.1 | 128 | 191 | i76 | 176
mosture contant % 5.3 53 B2 1.1 139 145 176
Ty 77 181 19.0 195 198 180 7.1
Table 4.4.1.G4: Compaction test of Sample G4
Additive Content: 8% Palm Kernel Shell Ash + 92% Soil Sample
Test Ho ] | | F 3 B T
Tyl And wel Sample (kgh ATo AT4 1E5 4 05 3,50 185 E-E
{Cyiinder (kg) .85 185 185 185 185 185 185
sample (ko) 1.85 189 200 220 208 200 1.90
Denaky (KNAN'} 16.30 16.48 10.60 2160 00 18.60 18 B0
Mo T |8 |T |B |T |8 |7 |[B [T [B |T |8 |7 |B
Cont. and wet Sample (g) | 35.0 | 35.0 | 35.0 | 35.0 | 50.0 | 40.0 | 49.0 | 340 | 30.0 | 34.0 | 350 | 360 | 500 | 340
¥Conl and dry Sampla (g) | 340 | 350 | 340 | 330 | 450 | 340 | 47 780 | 320 | 340 | 330 | 470 | 320
1 Noistara (g) 10 |10 |10 |20 |20 |20 |20 |Z0 |20 |20 |20 | 60|30 |40
3 Contminer {g) 150 | 77.0 | 150 | 5.0 | 30,0 | 10.0 | 20.0 | 15,0 | 11.0 | 6.0 | 16.0 | 160 | 300 | 14.0 |
#f Dy Samnpie (g) 190 | 180 | 150 | 80 | 18.0 | 18.0 | 70 | 170 | 170 | 1960 | 180 | 170 | 170 | 17O
comient % EX |55 1583 |40 | M0 | 1.0 | 118 | 198 [ 108 | 123 | 111 | 178 t?.ﬂi_l?.ﬂ
mistune conbent % E£6 a3 11.0 11.8 122 14.4 178
172 0.4 185 18.3 185 LT 17T8E
LEGEND

A= Soil + Cement; B = Sail + Cement + Cocoa Pod Ash: C = Soil + Cement + Palm
Kemnel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel Shell;
E= Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel Shell Ash.
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Table 4.4.2 SUMMARY OF RESULTS (COMPACTION) FOR THE TREATED AND UNTREATED

SAMPLES

{PLE TYPE A B € g E F [ T
Tesi No 1 z 3 1 [ F] 3 i 1 2 3 [ 1 Z 3 i 1 2 3 4 1 ] 3 ] 1 z 3
%

lyarage

distum B3 | B2 | 0 | TR | B | 115 [ WA | WT [ &0 | &7 | B [ 10 | 65 | &6 | RO [ 1vE | &3 | B2 | VWA | 68 | E5 | B4 | %2R | 1D | B3 | AF | fA7
wterd (%)

Y’mmﬁl 7| 188 | 8% | 97R | RO | A8 | ¥R | AT | VR | 07 | 5 | tRE | TN ) 172 | 168 | 17E | 1683 | tv0 | 188 | TS5 | 166 | 120 | 188 | 1TE | 177 | 181 | W2
)

wurage

Acistury 65 | 126 | a1 |7 | B | o8 | t4a | 178 | 53 |75 | 198 | 45 | 74 | 82 | 108 [ 178 53 | 98 | 125|137 | &85 | 56 | B0
niart (%)

Yﬂﬁhﬁi B3 | 20 | BT [ 080 | TS| RE | WE | W | ATE | X8 wEd [ 17 | e | AT | BT | 173 197 | 188 | 83 | 182 | 181 | 9BE | tRd
%

Yrarage

dotstuen 3 | B2 [ 114 | 176 ) BN | T2 | M4 | WA | T4 B | 1a | 178 | BN | BB | 181 |17 80 | T2 | A | o122 | &3 | B2 | 1R
o %)

Lmﬂh"dh 177 | 184 | 238 | 172 | 168 | 188 | 22 | 479 | 168 | 172 | 202 | 14T | A8 | 104 | 180 | 184 WY ) 184 | 209 | 966 | 17T | 0 | 1RE
W

Yeerage

deizhry 53] B2 | 1A0 [ 213 | 53 | 104 | (AR ) ATA | 5B | BR | 14 | 1TE | BE | B2 | 108 [ 144 S8 | MR | BT | 150 ) BE| A2 | 12
it (%) -

"mﬂn'ﬂ' 158 | 1 | 217 | 474 | 24 | 203 [ e | ey | 175 | 83 | 208 | 182 | w12 | 204 | 95 | 179 18.5 2:' |t | 7| 172 | 204 | 18

LEGEMD
A=8all + Cement: B = Snil + Cement = Cocoa Pad Adh O = Safl « Cement + Palm Kemel Shell Aak: D= Sat) + Cament + Ashes From Cooea Pod And Pabm Kernel Skell;

E = Sofl Sample Only, F=5oll + Cocos Pod Ash: O = Soil + Palm Kernel Shell Ash
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APPENDIX 4

TABLE 4.5.1:CALIFORNIA BEARING RATIO TESTS OF THE TREATED

AND UNTREATED SAMPLES

Table 4.5.A1: California Bearing Ratio of Sample A1

Additive Conterns; 2% Cemerd + 8% Soil Sample

TOP _BOTTOM
Pemerratlon | Load | Corrected CRERS Keleoted | Load | Corrected CHE Selerred
[ e CER% —| CBR%
iy | T = e LA | D
0.5 0 0707 11.0 LTt
1.0 1 L0 .11 23.0 1323
L5 14.0 1414 Jng 3030
20 18.0 1818 360 3636
F] 2.0 211 18.0 3.0 o 43.0 4.343 330 370 1370
30 35.0 2,525 S0 | 5050
35 3.0 3.030 57.0 5757
| 40 .0 3434 &2.0 6262
45 B0 | 3838 680 | 6868
5.0 4.0 4.444 0.0 7.07
55 4.0 4.949 7740 .
&4 55.0 5555 830 8383 B
=] GLE 161 5.0 [T
70 67.0 6. T6T 103.0 1605
Proving ring fector = i1
I'nble 4.5.A2: Californks Bearing Ratlo of Sample A2
Addithve Comient! 4% Cement + 205 Soll Sample
TOP BOTTOM
Penetration | Load | Corrected CERY Selected | Load | Corrected CBR Selected
g 25w | 5 Greeene e L Sroen | Elwrrne S
| D5 4.0 404 17.0 L7IT
1.0 16.0 L6l6 3l 3131
1.3 280 2878 51.0 3.131
2.0 380 3.939 Ti.0 17Tl
.5 51.0 3.151 390 76,0 6.0 2040 9.090 6.0 5.0 | B9.0
30 68.0 6.B6E 5.0 10.605
3.5 B0 B.OED 1270 12.827
4.0 95.0 9,595 147.0 14.847
45 1150 11.615 1640 16564
50 1320 13332 174.0 17.574
55 150.0 15.150 1B3.0 184483
6.4 176.0 17.776 195.0 159.685
f.5 201.0 20,301 206.0 20 B0
70 211.0 2130 A )
LEGEND

A = 50il +Cement; B = Secil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel
Shell Ash,
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Table 4.5.A4: Califprnla Bearing Ratio of Sample A3

Adalitive Corlewi: % Cement -+ 4% Soil Sample

TOF BOTTOM
Fenetration | Load | Corrected CHER% Selected | Load | Corrected CER Selected
ey LISmon | 5.0 pasiis 2 Spems | S.mirn o
0.5 10,0 1010 i3.0 1.313
1.0 27400 2727 2.0 3.232
L5 390 3.939 43.0 4343
20 5.0 5.131 _3B.0 5858
24 G600 6,666 7240 7
EX] 2.0 8.282 il.o 860 B0 Er.0 B.7E7 550 250 §5.0
35 104.0 10504 109.0 11009 =
4,0 127.0 12.827 136.0 3,736
4.5 149.0 15,049 1530 54353
30 1720 17372 1800 18180
55 193.0 19493 _201.4 20.301
6.0 229.0 3105 330 20038
6.5 24240 24.442 206000 2626
7.0 267.0 26967 1720 27.472
Table 4.5 A% Californin Bearing Ratio of Sample A4
Adititive Corrlent; 8% Cement 9% Soil Somple
TOP BOTTOM ]
Penefradon | Lood | Corrected CER% Selected | Lowd | Corrected _B.R. Felected
] CBR% CBR%
L5mon | 50w & 5m | 5. B
0.5 25.0 5525 28.0 2.E28
1.0 53.0 5.353 57.0 5.757
1.5 B2.0 B.282 E4.0 BA484
2.0 1(4.0 10.504 110 1010
LY 1280 12928 135.0 13.635
3.0 132.0 13332 B1.0 110:0 1100 159.0 16059 4.0 115.0 1150
14 6.0 17.776 TRLD 1E. 180
4.0 @0 24105 210.0 21210
4.5 2090 21109 215.0 21.715
5.0 218.0 22018 150 21,250
55 2210 22.321 23,0 23.230
6.0 225.0 .725 3740 13.937
6.5 26,0 24.846 2560 25.856
1.0 278.0 28078 I81.0 28381
LEGEND

A = 8pil + Cement: B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Seil + Cocoa Pod Ash; G = Soil + Palm Kemnel

Shell Ash.
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Table 4.5.B1: Californis Bearing Hatlo of Sample B
Additive Contert; 0.5% Cocoa Pod Ask + 1 5% Cement + 98% Soil Sample

TP BOTTOM
Pensiration | Load | Correcied AR % Sefected | Load | Corrected CBR. Sefected
g 2o | Somm | Zimm | S|
{5 11.0 1.111 120 1212
1.0 18.0 1518 240 2424
i3 250 | 2523 $0_| 4348
20 3.0 3.333 54.0 JA454
i3 0.0 | 4040 710 | 7.7 T
30 1.0 | 5081 | 230 | 550 | S50 | B40 | 8484 | 420 | 690 | @0
3.3 0 TAT0 EEAl QG5
4.0 R2.0 8,252 113.0 11.413
4.3 930 9193 1250 ]l_‘ﬂﬁ
3.0 1030 105605 1160 13.736
55 11580 11.918 1460 14,746
.0 131.0 13.231 1560 15756
f.5 1450 14.646 164.0 o564
740 151,00 15.251 1700 17.271
Table 4.5.82: California Bearing Batio of Sample B2
Additive Content: 1% Cocoa Pod Ash + 7% Cemeni + 96% Soil Sampie
TOP BT TN
Penetrafion | Load | Corrected CER% Sefecied | Load | Corrected CBR. Selpeted
() CEBR% CBR%
2. 5mm | 5.0mm " 7 5mm | 5.0mm
0.5 24.0 2424 190 1.919
1.0 47.0 4.T47 0.0 5050
1.5 T.0 T.0T0 FERI T373
2.0 RO ROE3 1.0 i, 10
43 1050 10.605 124.0 Iléﬂ
3.0 121.0 12.221 2.0 840 B4.0 1438.0 14.948 g0 1240 1020
3.5 133.0 13,433 1630 16,463
4.0 145.0 4,645 175.0 17.675
4.5 157.0 | 5.857 191.0 19.2491
5.0 163.0 6,463 202.0 20,402
3.5 1690 17.065 2120 21412
.0 178.0 17.978 225.0 22 T25
6.5 180.0 | 18180 220 | _DAR
7.0 1920 153492 50 =
LEGEND

A = Soil 4 Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash: D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel

Shell Ash.
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Iabie 4.5.8B2: California Bearing Ratio of Sample B3

Additive Comient: |.5% Cocod Fod Agh + 45% Cement + 94% 5ol Sample

TOF BOTTOM
Penctration | Load | Corrected CER% Selected | Load | Corrected CHR Selected
il 2 5w | 3G 2 Snum | 5w i
0.5 15.0 1515 340 L34
1.0 280 2.828 570 5.757
L5 57.0 5.757 0.0 E.080
20 B4 | HAR4 103.0 | 10403
25 1140 | 10514 127.0 | 12.824
i.0 1480 | 14948 | 840 | 930 930 | 1470 | 14.347 | 1160 | 93.0 116.0
i35 1570 | 15857 1620 | 16363
4.0 1790 | 18079 167.0 | 16867
45 1970 | 19397 1700 | 17.170
5.0 2150 | 21.715 175.0 7.675
5.5 | 2470 | 24947 185.0 | 18685
6.0 2570 | 25957 193.0 | 19493
6.5 2680 | 27.068 2070 | 20907
7.0 2740 | 27674 2230 | 23.008
‘TatHe 4.5.84: California Bearing Ratio af Sample B4
Additive Content: 2% Cocoa Pod Ash + 6% Cement + 92% Soil Sawple
TOP BOTTOM >
Penetration | Load | Corrected CER% Selected | Load | Carrected CER Selected
- Z Sireyrs | 5. wrary cimgiss 2imm | 50mm S
0.5 20.0 2.020 28.0 21828
L0 4.0 4.141 450 4.545
L3 62.0 6,262 [:1.X1] b.868
2.0 88.0 &.888 £4.0 B84
2.5 1320 | 13332 1340 | 13.534
10 161.0 | 16.261 1670 | 16867
1.5 184.0 | 13.58%4 o4.0 | 1260 | 1260 | 1900 | 19.090 | 020 | 1270 | 12740
4.0 2000 | 20402 2080 | 21.008
4.3 2160 | 21.816 130 | 13331
50 2490 | 25149 2560 | 25356
5.5 271.0 | 2737 2800 | 28.780
i) 2880 | 29.088 2010 | 29391 =
6.5 304.0 | 30.704 307.0 | 31.007
7.0 3210 | 32421 280 | 33.128
LEGEND

A=50il +Cement; B= Soil + Cement + Cocoa Pod Ash; C = Sail + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel

Shell Ash.
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Table 4.5.C}: California Bearing Ratie of Sample C1

Addifive Comieni; 0.3% Palm Kernel Shell Axh +1.5% Cemeni + 25% Soil Sample

TOF BOTTOM
Penetration | Load | Corrected CBR.% Selected | Load | Correciled CBR Selected

(v L S | 5.0mien 2 Sy | e b
1.5 10.0 101D 2.0 1.212
1.0 15.0 P ) 2.0 X2
1.5 2.0 el | 370 3.737
20 780 | 2628 50.0 5.08
25 340 | 3434 | 400 | 60 | 560 | 620 | 6262 | 440 | 590 | 560
3.0 41.0 141 T30 1373
1.5 500 5050 B6.0 B.686
4.0 5610 5656 970 Q.17
4.5 G50 6565 [ 4] 103,
5.0 T30 7373 1180 H.ﬂ_l!
5.5 R0 R.ORD 125.0 12625
.0 A5.0 B.6RG 130,0 13.130
6.3 940 | 9494 1360 | 13736
7.0 102.0 10,5302 147.0 14.847

Table 4.5.C2: California Bearing Ratio of Sample 1

Adalliive Conrent: 1% Poalm Kerrnel Shell Ash +3% Cemert + 263 Soll Sampile

TOP BOTTOM
Penctration | Load | Correcied CBR% Selecied | Lood | Correcied CER Setpcted

i 2 5mm | 5 0mim 2 5muwi | 5 Gwmir g
0.5 7108 {707 11.0 [RER
1.0 14.0 14014 150 1919
1.3 5.0 1315 8.0 1.737
2.0 370 | 3.737 420 | a2
] 5£3.0 5353 570 5757
3.0 T3.0 T.373 40 9 0 9240 M0 THTG 4.0 A0 a7.0
J.3 6.0 606 1000 R0, TR
4,0 125.0 12625 132.0 11332
4.5 126.0 15,756 GO0 i6. 160
1] 1880 | 18988 9.0 | 19.089
5.5 2130 21518 19840 at
LR 218.0 22018 2300 23,230
&5 221.0 11321 2400 14 240
7.0 23000 .23 2470 24.947

LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash: D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Paim Kemel

Shell Ash.
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Table 4.5.C3: California Bearing Ratio of Sample C3

Additive Content: [.5% Palm Kernel Shell Ash + 4.5% Cement + 94% Soll Sample

TOP BOTTOM
Peneiration | Load | Correcied CER% Sefecied | Load | Corrected .B.R. Selecied
i 2 5w | 5.frem 25mm | 5.0mm ChEN
{.5 10,0 101 390 1939
1.0 280 | 2828 63.0 | 6363
1.5 459 4.545 B7.0 3.787
2.0 . 0 i d6d 109,60 11,009
2.5 &6.0 E,-ﬁl-_‘; 1250 13.029
3.0 1070 10807 G210 93.0 3.0 150.0 15.150 45.0 106, 16,0
3.3 1260 12.726 168.0 16968
4.0 147.0 E.Bﬂ' 184.0 18584
4.5 169.0 T 198.0 19598
0 184.0 18,584 215.0 21715
5.5 20610 200 6.0 T2EIG
6.0 213.0 !1_513 2350 23.735
6.5 229.0 | 13.129 2480 | 25048
7.0 247.0 24.547 2570 25957
Table 4.5.C4: California Bearing Ratio of Sample C4
Addivive Content: 2.0% Polm Kernel Shell Ash + 6.0% Cement + 929 Soil Sample
TOF B_-Q'IT'ﬂH
Periviration | Load | Correcied CB.R% Selected | Load | Corrected CRR m
frmem) L 5mm | 5.0mm i 2 5w | 5 fnrm
0.5 210 2121 28.0 LEIE
1.0 33.0 3.333 57.0 Fu B f
1.5 56,0 6,656 £3.0 B.IEY
210 930 9.393 1150 101615
.5 1320 13.332 154.0 15.554
30 173.0 17473 191.0 9.191
35 2040 2604 110.0 138.0 138.0 5.0 22715 115.0 1500 150.0
4.0 320 23432 251.0 25.351
4.5 255.0 25.755 670 26.961
50 I75.0 1. TS ZRA.0 28684
5.5 o 0694 3300 32320
.0 3040 31.714 333.0 33.633
ﬁ.} 3310 13.430 3420 34,542
T4 3450 18845 1520 35,552
LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash: D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemncl

Shell Ash,

119




I'nble 4.5.01: Californis Bearing Rt of Semple 0]

idditive Comieni. 0.25% Cocoa Pod Ak + 0L.25 Palm Kerme! Shell Ash + 1.5% Cement =

1R85 Soll Scranle
TOP Bl:I'l"l"l:I;‘H

Pengiration | Load | Correcied CER% Sefected | Load | Corrected CABR Selected
g L5mrm | 5lmen L Smimy | 5 Bwwirer L
0.5 40,0 NIt 25.0 2525

1.0 62.0 6262 5.0 3335 =i

1.5 0.0 BB 65.0 [l 7

2.0 97.0 9.7 f5.0 B3RS

2.5 114.0 11.514 1.0 11.211

a0 1260 12.726 a0 85.0 B5.0 134.0 13.534 B3.0 110 1.0
1.5 14 1.0 I-I..Eﬂ 1590 I6, (59 )

a0 I52.0 15352 180.0 18,180

4.5 163,00 16463 20000 B0

5.0 168.0 16.968 2180 22018

3.5 V.0 11877 g}l.ﬂ 23,634

£.0 1B 1.0 18.281 2480 23,634

6.5 1960 | 19.796 2630 | 26563

T4 213.0 21.513 2140 27.674

Lable 4.5.02: California Bearing Ratio of Sample D2

Addivive Content: 0.5% Cocow Pod Ash + (L5 Palm Keroel Shell Ash + 3% Cement +

95% Soil Sample
TOPF BOTTOM
Pepetration | Load | Cerrected CER% Selected | Load | Correcied CHR m
i Z3mm | 5.0mm 25w | S0mm
0.5 0.1 1.519 5.0 3,535
1.0 45,1 4. 545 i 5.757
15 a7.0 6.767 5.0 T.598
2.0 RE.0 K.RRR Q8.0 DB0E
25 (.0 10508 1200 12120
3.0 28.0 12028 o710 1100 110.0 142.0 14342 %7.0 114,10 1140
15 14460 14. 746 156.0 15.756
4.0 166.0 16. 766 182.0 18.382
4.5 183.0 18.453 1980 19,998
5.0 107.0 14,897 2160 21.E16
5.5 _209.0 21109 29.0 23,129
.0 244.0 24054 0.0 24.240
&5 2490 25.149 253.0 | 25.55)
T.0 256.0 25.856 267.0 26,9607
LEGEND
T

A = Snil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel

Shell Ash.
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Table 4.5.03; California Bearing Ratio of Sample T3

(eaivive Comrenr: (0, 75% Cocog Pod Ash + 075 Polm Keroel Shwefl Ash + 4, 5% Cemenl +

=% Soll Sample
TOP BOTTOM
Penctration | Load | Carrected C.BR.% Selecied | Load | Corrected | CB.R. ‘I'sﬂmm 1
i 2 5mm | 5.0mm L i 2 Smrn g

05 240 2474 450 | 454

L0 45.0 4.545 730 (KL

15 T0.0 7.0700 010 | 10.200

20 54,11 5.494 1300 | 13.130

3% 150 | 11613 1560 | 15.756

30 1390 | 14039 | &7.0 | 105.0 | 1050 | 180.0 | 18.180

35 1600 | 16160 000 | 21109

A0 1750 | 17.615 7700 | 20230

4.5 1920 | 19302 320 | D42

50 3070 | 20907 234.0 | 24.644

55 2200 | 23220 7580 | 26058

6.0 340 | D6 3680 | 27.068

6.5 2460 | 24,846 3820 | 24482

7.0 2600 | 26.26 304.0 | 30.0704

Table 4.5.D4: Californin Bearing Ratio of Sample D4

Adidirive Combert 1% Cocoa Pod Ask + 1% Palm Kerpel Shell vl + 6% Cement + 2% Soll Sawmiple

TOF BOTTOM

Penafration | Load | Cerrecied CER% Selecied | Load | Corrected CER. Selerted
i 2 5mmm | 50mm ks 25mm | E0mm o
0.5 5.0 1585 0.0 3,030

.0 41.0 4,141 48.0 4.84%

1.5 a0 . 1.0 11T

20 75.0 7.575 520 B.283

L3 980 2898 106.0 10,706

30 120.0 12120 Tl 11210 120 1230 12423 TED 138.0 128.0
33 480 | 14048 1520 | 15352 i

4.0 175.0 17.675 183.0 18,483

4.5 20240 20402 198.0 19.99%

50 2320 23432 255.0 15,7535

55 2684400 26.260 2630 25,5673

] 2.0 20654 ELL LR 30,300

6.5 i3l 33421 246.0 24846 |

T4 ITLO 3157 B0 3B 380

LEGEND

A =Spil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel

Shell Ash.
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Tahle 4.5.E: California Bearing Ratio of Sample E

{uedfeive Coet,  [002% Boll Sample

TOP BOTTOM |
Penctration | Load | Corrected | CB.R.% | Selected | Load | Corrected CHR. Selected |
-
i | 2Smm | 5.0 ChR T | T
0.3 I3 0,152 250 | 0253
I 2.0 0.202 400 | o404
3 335 0353 650 | 0.656
10 45 0454 850 | 0.858
] 6.0 0.606 10.00 | 1010 |
3.0 135 | 1364 1200 | 1212
i3 190 | 1619 500 | 1515
a0 250 | 2525 80 | 210 | 200 | 1700 | 1717 | S0 | 110 | 21D
15 90 | 2929 1800 | 1818
5.0 5.0 1536 200 2020
35 0.0 | 4040 100 | 2323
6.0 450 | 4949 2500 | 2525
6.5 55.0 5.355 26.00 2.626
7.0 6.0 6060 28.00 228 i
LEGEND

A =8pil +Cement; B= Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil 4 Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemel

Shell Ash.
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Talsle 4.5.F1: Californis Bearing Ratio of Sample F1

sdlivhve Content: 2% of Cocoa Pod Axh + 98%6 Sail

TOP BOTTOM |
Penetration | Load | Corrected CER% Selecied | Lowd | Correcied CHR R e
S —— [}
s A25mm | S.6mem R Zoam | 5 e REEN
0.5 25 0.253 B.0 0.808
A 5.0 L0500 164 LG16
] .0 1,080 230 2323
) ) 144 I.414 3.0 EN Y
1.5 18.0 1.81% 390 1.939
30 2.0 2121 194 112 21.2 450 4,69 .5 15.0 35.0
35 260 1626 53.0 5.353
4.0 31.0 313 G20 5262
4.5 35.0 1.535 ] [
50 il i, 141 8.0 .68
5.5 §7.0 4,947 TAD T7.474
G0 32,0 252 BOO E.080
6.5 il L1 85.0 B.585
7.0 &40 G414 .0 o069
Table 4.5.FL: California Bearing Ratho of Sample F2
Additive Content: 4% of Cocoa Pod Axk + 26% Soll
TOF BOTTOM
Pewefration | Load | Corrected CERE% Sefected | Lood | Correcied CHER Sefected
CER
i 2 5mem | 50w (N 2 5mom | 5 0mamn o
(.5 3.0 0,303 13.0 1313
1.0 14.0 1414 260 el v
15 24.0 2424 4.0 A_d44
2 36.0 3636 0 G
2.3 48.0 4 848 20 8282
1.0 63.0 6,363 8.0 S.R92
35 4.0 T.474 TE.0 11.918
4.0 91.0 8191 370 G506 BLE 350 l@! 29 2 B4 Z
4.5 {20 10,302 15240 15,352
5.0 122 | 12322 1670 | 16867
55 135.0 E.ﬁg 1760 17,716
6.0 [0 16 160 1830 15,483
[ ] 195.0 19.695 197.0 19 897
1 2000 20,200 5.0 0. 705
LEGEND

A= 5o0il +Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kemnel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel

Shell Ash.
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Table 4.5.F4: California Bearing Ratio of Sample F3

{dditive Comons: 6% of Cocoa Pod Ash + 94% Soil

TOP BOTTOM
Cenetration | Lowd | Corrected CHER% Selected | Load | Corrected CER. Selected
{renemy) CRR% CERR%
2 5mom | 5fenmy 2 S | £0wrmn
[ B0 0,508 00 | 1010
1.0 330 2372 780 | 2828
5 350 73535 370 | 5353
70 340 4,444 530 | 6.767 ]
75 56.0 5656 a0 | 7676
3.0 720 7272 760 | 9.999
15 930 9393 | 446 | 942 | 942 | 99.0 | 12827 | 604 | 953 | 953
40 1180 | 11918 i 1270 | 14241
15 1350 | 13.635 1410 | 17.069
50 1610 | 16,260 169.0 | 19.190
[X] 1820 | 18382 190.0 | 22.725
60 2160 | 21812 350 | 25.250
— 6.5 2380 | 24.038 7500 | 26.563
7.0 2510 | 75.251 7630 | 27674
Table 4.5.F3: California Bearing Ratio of Sample F4
Additive Content- 8% of Cocoa Pod Ash + 9% Soil
TOF BOTTOM
Fenetration | Load | Corrected CER% Selected | Load | Corrected CB.R m
fisey I B 1 B 2 Smwm | 5. 0mm
0.5 0 | 2120 240 | 2424
0 7.0 | 4747 80 | aB4s -~
15| 720 7.272 760 | 7.676
20 3.0 5,393 1010 | 10200
73 118.0 | 11918 1270 | 12827
3.0 27.0_| 12827 1450 | 14.645
X §10 | 15251 | 906 | 1052 | 1082 | 1670 | 16867 | 981 | 1102 | 1102
40 1820 | 18382 020 | 20.240
43 198.0 | 19.998 2100 | 21.210
5.0 2050 | 20.705 170 | 20917
5.5 2100 | 21.210 D60 | 22826
[ 7150 | 72018 310 | 23331
6.5 7300 | 23.230 240.0 | 24240
7.0 2580 | 26058 7700 | I7Z70
LEGEND

A = 8ail +Cement; B = Soil + Cement + Cocoa Pod Ash; C = Sail + Cement + Falm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kernel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel

Shell Ash.
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Table 4.5.G1: Californin Bearing Ratio of Sample G1

Laditive Contenr: 29 Palm Kernel Shell Ach + 08% Soif

A = 80il +Cement;

| TOF BOTTOM '
Penciration | Lowd | Corrected CER% Selected | Load | Corrected CB.R Selecred |
35 2. Snme | 5, Ohmuire 2 Smum | 3. 0mm iy
0.5 20 0.202 6.0 0.606
L0 3.8 03838 13.0 1313
L5 6.0 0.606 19.0 1.919
2.0 10,0 1.O10 24.0 2424
2.5 13.0 1313 330 3.333
3.0 19.0 1.919 40.0 4.040)
1.5 20 210 9.8 19.5 19.5 45.0 4.545 264 | M1 | M1
4.0 3.0 3.030 58.0 5.858
4.5 30 3333 62.0 6252
50 0.0 3.939 6.0 .66
3.5 43.0 4.343 700 7.070 g
6.0 500 | 5080 0 | 1T -
(X 50| 5.858 820 | £
7.0 62.0 6.262 93.0 9.292
Table 4.5.G2: California Bearing Ratio of Sample G2
Additive Content: 4% Palm Kernel Shell Ash + 96% Soll
TOP BOTTOM =
Penetration | Lead | Correcied CRR% Selected | Load | Corrected CER Selected
i 2 S | 5 Diwn i 2 5nrive | 5 vy i
03 25 03525 0.9 | 0909
L0 1.0 LIl 19.0 1.919
1.5 19.0 919 33.0 3333
20 30.0 3.030 56.0 5.656
2.5 420 4.242 73.0 73713
3.0 510 5.151 ELD 8181 =
3.5 fi6.0 B.666 EXE 506 S0Lb T18.0 11918 51.6 746 756
4.0 £0.0 3.080 1260 | 12726
4.5 93.0 9393 14L0 | 14241
5.0 107.0 | 10.807 1530 | 15453
5.5 1180 | 11918 165.0 6.665
6.0 1400 | 14140 174.0 7.574
6.5 1720 | 17373 180.0 | 18.180
7.0 1830 | 1483 198.0 | 19.998
LEGEND

B = Soil + Cement + Cocoa Pod Ash; C = Seil + Cement + Palm

Kemel Shell Ash: D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kernel

Shell Ash.
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Tabde 4.5.G4: California Bearine Rofio of Sample G3

dddeditive Content: &% Palm Kernel Shell Ach + 94% Soil

TOF BOTTOM |
Senctration | Lead | Correcied CAR% Selected | Load | Corrected C.BR Selecieu
__r’mu 2. 5mm | .0mom 2.5mm | fimm GREN
0.5 5.0 0.505 7.0 0.707
i) 8.0 1818 23.0 2323
1.5 110 3131 36.0 1.636
1.0 A0 A.444 480 4.848
25 380 SR8 63.9 | 6363
3.0 71.0 TA71 79.0 7.974
15 93.0 9,303 9E.0 9®9% | | 1 |
4.0 1180 | 11,918 45,3 80.2 30.2 125.0 2625 | 39.1 | 862 B6.2
15 1924 | 13332 140.0 4140
50 163.0 | 16463 1720 | 17372
535 185.0 | 18.68% 1900 | 19190
&) 2050 | 20705 2100 | 21210
6.5 231.0 | 23.331 2470 | 24.547
70 2910 | 25381 2630 | 26.563
Table 4.5.G3: Californis Bearing Ratio of Samphe G4
Adiditive Cowtent: 3% Palin Kernel Shell Ash + 93% Soil
TOP BOTTOM
demetration | Load | Corrected CBR% Selected | Load | Correcied CERR Sefected
(iwre) g [y g B ey ey et
T 16.0 1616 19.0 1919
1.0 Ey A 31.737 L 3737
13 2.0 6262 6.0 6363
2.0 85.0 5.585 820 B.282
24 07.0 | 10.807 1160 | 11716
30 117.0 | 11.817 794 | 1002 | 002 | 1290 | 13.009 | B30 | 1007 | 1007
35 1400 | 14.140 147.0 | 14.847
—_aD 160.0 | 17.060 1810 | 18281
— 43 1810 | 18.28 193.0 | 19.493
50 1960 | 19.796 207.0 | 20.907
53 2040 | 20604 2180 | 22018
6.0 2110 | 21311 160 | 22.806
[ 2190 | Z2.119 BIo | 1333
7.0 2410 | 25.341 2630 | 25.563
LEGENID

A = 8Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm
Kernel Shell Ash; D = Soil + Cement + Ashes From Cocoa Pod And Palm Kemel
Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G = Soil + Palm Kemnel

Shell Ash.
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table 4.5.2: C.B.R. OF THE SAMPLES TREATED AND
UNTREATED WITH ADDITIVES

Sample | Additive | Force at | Tap Force | CRB value | CBR (%) | Selecred '
Type Content | 25mm |at 5.00mm | at 2.5mm | valueat | CBR %
% %a) S.fmm |
20 4.4 74 33.0 17.0 370
A 4.0 8.4 17.8 55.0 £9.0 89.0
8.0 73 19.0 63.0 95.0 95.0
6.0 LIS 2.3 94.0 115.0 115.0
2.0 7.0 11.8 53.0 &a9.0 69.0
B 4.0 13.0 18.5 116.0 O3.0 102.0
6.0 135 204 98.0 102.0 116.0
g0 220 256 102.0 127.0 127.0
2.0 5.8 19.4 44.0 R ag.0
c 4.0 12.6 212 95.0 106.0 7.0
6.0 5.8 1.8 44.0 59.0 106.0
8.0 15.3 30.1 115.0 150.0 150.0
2.0 116 228 E7.0 114.0 110.0
D 4.0 15.0 25.0 113.0 125.0 114.0
6.0 11.0 220 83.0 110.0 125.0
8.0 103 256 78.0 128.0 128.0
B 0 1.0 42 5.0 21.0 21.0
20 9 7.0 29.5 35.0 35.0
4.0 7.0 16.8 52.9 g42 842
F 6.0 13.0 22.0 98.1 110.2 952
8.0 RO 19.0 6.4 95.2 1102
2.0 35 6.8 264 34.1 34.1
4.0 7.1 15.1 53.6 75.6 75.6
G 6.0 1.1 20.1 83.1 100.7 86.2
8.0 6.5 17.2 39.1 86.2 100.7
Standard Load for 2.5mm = 13.24KN/m”
Standard Load for 5.0mm = 19.96KN/m’
CRB = Force on plupger  x 100
Standard Load
Nore:
Take the higher value as the CBR of the samples for each additive content at
2.5mm and 5.0mm as shown above.
LEGEND

A =Spll + Cement: B = Soll + Cement + Cocon Ped Ash; C = Soil 4 Cement + Pabm Kemel Shell Ash;
3 = Sall + Cement + Ashes From Cocoa Pod And Palm Kernel Shell; E = Soil Sample Cndy, F = Sail + Cocoa

Pod Ash; Ci = Soil + Palm Kernel Shell Ash.
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Fig 4.5.A2: California Bearing Ratio graphs for Sample Al

LEGEND

h=80il + Coment: B = Sail + Coment + Cocon Pod Ash C = Soil # Cement + Palm Keme Shefl Ash;
0 = Kol + Cement + Ashes From Cocoa Pod And Palm Kemel Shell; E = Soil Sample Cnly,

F=%updl + Cocoa Pod Ash; G = Soil + Falm Kemel Shell Ash
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ig 4.5.B3: California Bearing Ratio graphs for Sample B3

EGEND
= 5all + Cement; B =Sl + Comest » Cocon Pad Ash C = Soil + Coment + Pabm Komel Shell Ask; D = Soil & Comen + &shen From Cosooa FRcd

ul Padm Kermel Shell; E = Sail SaspleOinly, F=8oil + Cosun Pod Axh, =500+ Palm Kemel Bheil Ash
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Fig 4.5.B4: California Bearing Ratio graphs for Sample B4

LEGEND
A= Bail 4 Cement; B = 8ol + Cemem + Cogos Pod Ash © = Soll + Camen = Palm Kerned Shell Ash;

= Bqil + Cement + Ashes From Cocos Pod And Palm Kernel Shell;, B = Sod Sample Dinly,
F = %0il + Cocos Pod Ash, G = Sodl + Palm Kernsl SEell Azh
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Fig 4.5.C4: California Bearing Ratio graphs for Sample C4

LEGEND

A = 5ol + Ceomeal, B = Soil = Cemenl + Cecon Pod Ask C = Soil + Ceomest + Pelm Kamel Shell Ash,
[ = Hoil # Cement + Ashes From Cozos Pod And Palm Kemel Shell, = Soil Sample Owly,

F = Bodl + Cocon Pod Ash; G = Soil + Peim Kermel Shell Azh
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Fig 4.5.C2: California Bearing Ratio graphs for Sample C2
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Fig 4.5.C3: California Bearing Ratio graphs for Sample C3

LECYENTY

A= Bail = Cement, B =Sl + Comesl + Cocoa Poad Ash C = Sal + Cemenl + Palm Kernel Shall Ash,
= Soldl + Cement + Ashes From Cocoa Poad &nd Palm Kernel Shell, T = Zqil Eample Omly,

F = 5ol + Cocon Pod Ash, O = 5ol » Palm Kerned Shell Ash
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Fig 4.5.D4: California Bearing Ratio graphs for Sample D4

LEGEMDY

A=Soil + Cement; B = S0 + Cement + Cocos Pod Ash C = Soil + Cement + Pabm Kemel Shell Ash;
= Soil + Comeni + Ashes From Cocon Pod And Palm Kemed Shelk; E = Soil Sample Caly,

F = Sail + Cocoa IPod Ash; G = Sail + Pabm Kemed Shell Ash
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Fig 4.5.02: Califoruia Bearing Ratio graphs lor Sample D2
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Fig 4.5.D3: California Bearing Ratio graphs for Sample D3

LEGEMLY
A= Boil + Cement; B = 50l + Cemenl + Cowoa Pod Ash C = Soil + Cemenl + Palm Kemel Slall Ash

[ = Boil + Cement + Aghes From Coeos Pod And Palm Kemel Shell; E = Soil Sample Only,
F = Soil + Cocos Pod Ash; = Soil + Paim Kemel Shell Ash
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Fig 4.5.E: California Bearing Ratio graphs for Sample E

LEGEMNED

A= Boadl = Cement; B = 5ol + Cement <+ Cocon Pod Ask C = Soil + Cement + Palm Kearnel Shell Ash;
11 = Bestl + Cement = Ashes From Cocos Pod And Pelin Komel Bhedl; B = Sal Sample (aly,

F = 8qil + Cocoa Pod Ask; G = Enil 4 Palm Kzenel Rhell Ash
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Fig 45.F1: California Bearing Ratio graphs for Sample F2

LEGEND

# = Soil + Cement: B = Sail # Comomd + Cocon Pod Ash C = 8ail # Cement * Pabm Kernel Shell Aah;
[} = Bpil = Cement = Askes From Cocos Pod And Palm Kemel Sheil; E = Sod Sample Onky,

F = Rail = Cocoa Fod Ash, G = Soil + Fem Kernel Shell Ash
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Fig 45.F4: California Bearing Ratio graphs for Sample F4
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Fig 4.5.F3: California Bearing Ratio graphs for Sample F3

LEGEND

A = Godl * Cemost, B = Soil + Cemenl + Cocoa Pod Ash C = Soél + Coment ¢ Palm Kernel Shell Aah;
b= Bail + Comest + Ashes From Cocon Pad And Palm Kernel Shell: T = Sail Sample Ondy,

F = Soil + Cocoa Pod Ash; G = Bodl + Palm Kernel Shell Ask
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Fig 4.5.G1: California Bearing Ratio graphs for Sample G1
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Fig 45.G2: California Bearing Ratio graphs for Sample G2
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Fig 45.G4: California Bearing Ratio graphs for Sample G4
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Fig 4.5.G3: California Bearing Ratio graphs for Sample G3

LEGEND

A = 5pil + Coment, B = Sl 4 Cement + Cocon Pod Ash C = Soil + Cement + Palm Kerned Shell Ash: 13 = Soil + Cememn
+ Aghed Fraom Cocon Pod And Palm Kermel Sheif, E = So#l Sample Only, F = Sqil + Coova Pod Ash; G = Sail + Palm

Koernel Shell Ash
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APPENDIX 5:

Specific Gravity test for
the samples and the

additive used.



TABLE 4.2.1 SPECIFIC GRAVITY TEST FOR THE SAMPLES AND ADDITIVES USED
E (Soil | Comant | Ashes | Ashes
SAMPLE A SAMPLE B SAMPLE © SAMPLE D sample | used | from | from
anly pod | pabm
ENEEEELEEEEE L EE LR EE CE G sy
Whig) | 5000 | 500 | 5000 | 5000 | 4820 | 4&L0 | #4820 | 482D | 4090 | 4090 | 4500 | 4590 | 4900 | 4660 | 4820 | 4BI0 | 4B20 | 4820 | 489.0 | 4820
Waig) | 650.0 | 550.0 | 5500 | 5S4m0 | 5320 | 6340 | G320 | 530 | 54000 | 540.0 | 5400 | S4e0 | Sa00 | M90 | 320 | 8320 | 5a20 | 6az0 | 6480 | Eag0
Whaig) | 1044.0 | 10450 | 10455 | 1045.0 | 1043.0 | 1043.0 | 1044.0 | 1048.0 | 1047.0 | 1046.0 | 1040.0 | 1047.0 | 1047.0 | 1047.0 | 1045.0 | 1048.0 | 10450 | 10490 | 1046.0 | 1044.0
Welg) | 1010.0 | 10100 | 1090.0 | 1010.0 | 1013.0 | 1013.0 | 1013.0 | 1013.0 | 1095.0 | 10150 | 10150 | 1015.0 | 10150 | 1095.0 | 1013.0 | 10730 | 1013.0 | 1013.0 | 10180 | 10130
W,-W, | 500 | 500 | 50.0 | 500 |&500 |600 | 500 | 600 | 800 | 50.0 | 500 | &S00 | %00 | 500 | S00 | S0 | 500 500 800 | &3.0
ey
Wa-We | 4040 | 4950 | 4950 | 5110 | 5110 | 6110 | 5140 | 5140 | A0 | 3970 | 4970 | 49B0 | 4GB0 | 4080 | 5930 | 8140 | 6130 | BA7.0 | 4870 | 5120
romp
Wa—W, | Bi0,0 | 510,0 | BI0.0 | 496.0 | 5010 | 8310 | 8310 | 6910 | BIBO | 518.0 | 518.0 | 5180 | 5180 | 5160 | 513.0 | 531.0 | 5130 | 6140 | G40 | BA10
{gm)
5.G. | 313 | 333 |382 |580 |383 | 478 | L0% | 506 | 203 |43 | 283 %78 |L18 | 278 (278 |2bBa | 257 | 467 | 489 | 283
LEGEND

A = Soil + Cement; B = Soil + Cement + Cocoa Pod Ash; C = Soil + Cement + Palm Keme! Shell Ash; D = Soil + Cement + Ashes From
Cocoa Pod And Palm Kemel Shell; E = Soil Sample Only, F = Soil + Cocoa Pod Ash; G =5cil + Palm Kernel Shell Ash.
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APPENDIX 6:

AASHTO Classification
system table
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APPENDIX 6

AASHTO CLASSIFICATION SYSTEM TABLE

Kilpeplaw rily

classification {35% or less passing 75 m sieve) = m__ﬂ“’*‘ S

Eirom - A-3 s A—4 | A-F | A-4 ‘:'J'-;
clazsifleation A | A-I-8 A-24 | A-2-5 | 4-2-6 | A-2-7 PR
Sieve miakysis,
B passing
ASTM. BS '
Sieve  sbeve
Moo 10 2.0mm | $0max . | 51 mio,
Mo 40 425mm | Mmax, maz. | 19moc | 35max. | 35max. | 35max | 3Smeoc | Memine | 36min, | IGmin. | 3o
No. 200 7Sum [ Pmax.
Chamctenstics of
Ects g
ASTM No ad
(B 42%um)
Ligurid it Almas. | dlmin | 40max. | 41min. | 40mox. | 4lmin. | A0min. | &I,
Plasisciey index f LN I0nsas. | 40max. | Ilmin. | flmin. | 10max. | 1Omin, | [Omin. | |Imin,
i [mdex L o a dmax Bk, | I2max. | Dbose | |6
I o | TN, . T Siysoll | Clayey s
Ceneral rati =
sl mm- Exoellenl in pocd Fair io poor

Note. The A-T group is subdivided according a plastic index criterion. When a soil has a Fl
equal to or less than the ligoid limit minus 30, it is placed in the A-7-5 sub-group. When the
P1 is greater than L1L-30, the soil falls into the A-7-6 subgroup.

The following empirical formula is used 1o obtain the group index of a soil:

G.1 = 0.2a+ 0-005ac + 0.01hd

where # = that portion of the percentage passing the 75pum sieve greater than 35 and not
exceeding 75, expressed as a positive whole number from a to 40.
b = that portion of the percentage passing the 75pm sieve greater than 15 and not
exceeding 55, expressed as a positive whole number from 0 to 40,
¢ = that proportion of the numerical liquid limit greater than 40 and not exceeding
60, expressed as a positive whole number from 0 to 20.
d = that portion of the numerical plasticity index greater than 10 and not exceeding
30, expressed as a positive whole number between 0 and 20.
The above formuls is weighted so that the maximum of each of the three variables is

and

in the mtio of 8 for the percentage passing the 75um sieve, 4 for liquid limit, and B for
plasticity index. This weighting and the adopied critical ranges are based on the study of
average relative evaluations placed on subgrade materials by seveml highway organizations in
the United States which use the tests involved in this classification system.

The group index of a soil is expressed to the nearest whole number and is written in
perenthesis after the group or subgroup desipnation, e.g A-2(3). Even if the determined valus
is zero, it is still given.

Source: 0" Flaherty (1974)
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Requirements for Roads
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APPENDIX 7
FEDERAL MINISTRY OF WORK IL

GENERAL SPECIFICATION REQUIREMENTS FOR ROADS AND
BRIDGES

iz) SUBGRADE

Clanses 6102 and 6122 of the General Specification (Roads and
Buildings) Vol I 1992 stipulate that a material will be suitable for use as
subgrade if the following requirements are met:

(i)  Proportion Passing BS sieve No 200 not greater than 35%

(ii)  Liquid Limit (LL) not greater than 80%
(iif) Plasticity Index (PL) not greater than 55%
(iv) Relative compaction not less than 100%

{b) SUB BASE

Clause 6201 of the General Specification (Roads and Bridges) vol 11
1994 stipulates that a material will be suitable for use as sub base if the
following requirements are met:

(i)  Proportion Passing BS sieve No 200 not greater than 35%

(ii)) Liguid Limit (LL}) not greater than 35%
(iii)  Plasticity Index (PL) not greater than 12%
(iv) (CBR (Soaked — 24 hours) not less than 30%
(v)  Relative Compaction not les than 100%

(c)  BASE COURSE

Clause 6201 of the General Specification (Roads and Bridges) vol 1l
1994, stipulate that a material will be suitable for use as base course if the
following requirements are met:

(1)  Proportion passing BS sieve No 200 not greater than 35%

(i) Liquid Limit (LL) not greater than 35%
(iii)  Plasticity Index (FL) not greater than 12%
{iv) CBR (unsoaked — 24 hours) not less than 80%
{v) Relative compaction not less than 100%%

(e} ASPHALTIC CONCRETE

Clause 6374, Tables VI — 16 and VI — 170f the General specification
(Roads and Bridges) vol I1 1994 stipulate that a material will be suitable for use
as asphaltic concrete if the following requirement are met:

Wearing Course
Optimum Bitumen content 5-8%
Marshall stability 350kg mm
Marshall flow 2 —43mm

Void in Total mix 3—5%
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APPENDIX 8:

Pictures taken at
various stages of

work
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Plate 1: Collection of cocoa pods for the thesis at the cocoa plantation
in Igbole-Ekiti, Ido/Osi Local Government Area of Ekiti State
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Plate 2: Collection of palm kemel shells for the thesis at the local paim produce
in igbole Ekiti, Ido/Osi Local Government Area of Ekiti State
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Plate 3: Collection of soil samples for the thesis at a borrow pit along Olujoda
Moferere Road (lkere/Ado) in Ado Ekiti, the capital city of Ekili State

Plate 4: Preparation for the bumning of the palm kernel shells and cocoa pods at the
Glass Technology Laboratory of the Federal Polytechnic, Ado-Ekiti.
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Soil sample being weighed before compaction at the F.U.TA Plate 6: Compaction Test being performed on the samples
(Geotechnical Laboratory) at the Federal University of Technology
Geotechnical Laboratory, Akure.
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Plate 7: Compacted samples being weighed before testing at the Federal
University of Technology Geotechnical Laboratory, Akure.

Plate 8: Compacted samples being taken into the oven for drying at the
Federal University of Technology Geotechnical Laboratory, Akure
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Plate 9: California bearing ratio test being performed on the samples at
the Federal University of Technology, Geotechnical Laboratory Akure.
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