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ABSTRACT

Soil sample collected from Gidan Kaji Village, Niger State was classified as A-6 soil by
American Association of State Highway and Transportation Officials (AASHTO) and clay
of low plasticity (CL) by Unified Soil Classification System (USCS), was mixed with river
sand collected from a construction site. Compaction characteristic of the mixture were
investigated at both British Standard Light (BSL) and West African Standard (WAS)
energy levels. The sand were mixed at 0, 5, 10, 15, 20, 25.......... and 100% of river sand
each by weight of the lateritic soil. At BSL energy, result showed that the Maximum Dry
_ Density (MDD) increases from 1.7770g/cm’ at 5% river sand to 1.947 g/cm® at 80% river
sand. The percentage increase is 9.09%. while at WAS energy level, the MDD increases
from 1.904g/cm’® at 5% river sand to 2.085 g/cm® at 95% river san. The percentage
increases 8.68%. Similarly, at BSL energy level the Optimum Moisture Content (OMC)
decreases from 16.3% at 5% river sand to 12.9% at 75% river sand. The percentage
decrease is 20.85%, while at WAS energy level, the OMC decrease from 14% at 5% river
sand to 10% at 75% river sand. The average percentage decrease is 28.57%.
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CHAPTER ONE
1.0 INTRODUCTION
1.1  Preamble
For engineering purposes, soil is considered to be any loose sedimentary deposit such
as gravel, sand, silt, clay or mixture of these materials. According to (Craig,1992) soil
is any uncommented or weakly cemented accumulation of mineral particles formed by

the weathering of rocks.

The weathering process could be associated with mechanical, chemical and biological
forms. When the end product of weathering remain at their original location, residual
soil is said to be constituted but if the end product are transported and deposited in a
different location they constitute a transported soil. Weathering alters the composition
and structures of rocks by either chemical or physical means. Physical weathering
causes disintegration of the rocks into smaller particle sizes through its various agents
such as erosion, temperature variations, freezing and plants and animal activities.
Chemical weathering, on the other hand, can be attributed to the decomposition of
minerals in rock by oxidation, reduction, carbonation etc. Therefore soil is an important
material in engineering particularly to civil Engineers. Soil encountered close to the
earth surface is one of the most important and widely used engineering materials
because most of construction works are founded in on the surface of the earth. In
tropical regions the conventional material used as base and sub base for road works are

the lateritic soils. (Terzaghi Etal, 1967).

Laterites are usually light to dark red in colour and composed almost entirely of iron

and aluminum oxides, titanium, manganese and silica which harden on extraction and



exposure (MC Gearg Etal 1998). Most of lateritic soils contain kaolinite and quartz
which makes their engineering performance to be poor. Therefore there is very need for
such lateritic soils to be stabilized using locally available and cheap stabilizing

materials.

Soil stabilization is aimed to improve the soil strength and durability so that they can be
more suitable for construction purposes beyond their classification if left unsterilized.
In short, stabilization alters the engineering properties of the soil to improve its
engineering performance. The main factor that affects stabilization of soils is
compaction energy. This work is therefore aimed at determining the compaction

characteristics of an A-6 lateritic soil mixed with river sand.

1.2 Location of the Study Area.
The lateritic soil used for this research work was obtained from a borrow pit in Gidan

Kaji, a village five kilometers away from Minna along Kuta road, Niger State.

1.3 Aim and Objectives
The main aim of this research work is to determine the compaction characteristic of
laterite-river sand mixture through these underlisted objectives
a. laterite is obtained from a known borrow pit, air-dried and index properties test
were carried out to aid classification.
b. River sand obtained from construction site is tested for particle size distribution and
specific gravity.
c. The river sand will be mixed at 0,5,10,15,20,25........... and 100 percent by the

weight of lateritic soil
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1.5

d. These Mixtures will be compacted using British Standard Light (BSL) and West
African Standard (WAS) methods of compaction in order to obtain their Maximum
Dry Density (MDD) and Optimum Moisture Contents (OMC) and to observe their

variation with addition of river sand.

Justification

Though, lateritic soil is widely used as a construction materials because of its
availability, quite a number of laterites are not normally suitable for uses in their natural
state and therefore need an improvement. Soil improvement could be by stabilization or
modification. The common materials used for soil stabilization are cement, lime and
bitumen. All these materials are expensive while some are not even widely available.
However, river sand is available and relatively cheap. It is therefore justifying to

evaluate the compaction characteristics of an A-6 lateritic soil and river sand.

Scope of Study

This research involves characterization of natural lateritic soil so as to classify it
according to AASHTO and USCS soil classification and the river sand. The river sand is
then mix with leteritic soil at 0,5,10, to 100% by weight of the lateritic soil. Compaction
test will be carried out on all the mixtures to determine its compaction characteristics.
The compaction characteristics will then be plotted to obtain the variation of the

characteristics with change in river sand.



CHAPTER TWO

2.0 LITERATURE REVIEW

Lateritic soil constitutes an important soil group in the tropics and mostly used for
construction purpose.

However, before discussing the laterite, there is need for us to understand more about
the term “soil”. The term soil has various meaning and carries different sense to
different professional groups. From the engineering perspective soil can be defined as
the earth crust or it comprises of all minerals (or materials) found in the surface layer of
the earth crust that are loose enough to be removed by spade or shovel. Such materials
are normally composed of solid, liquid and gaseous phases. Moreover, soil can be said
to be the product of disintegration of rocks due to action of chemical and mechanical
forces, which have been exerted upon the parent rock. These forces include running
water, wind, freezing and thawing, chemical decomposition, glazier action and others

(Co-right and Paquete, 1979).

Soil as a civil engineering material is as important as concrete and steel because all
man-made structures, except those which float or fly are supported by natural soil. Civil
engineering structures such as water retaining wall, air field pavement and roads are
constructed from soil and rock materials and other materials that can be used for the
same purpose (Barnes, 2000).Towards the end of eighteenth century, the first major
contribution to the present scientific study of soil behavior was established by Coulomb
(1776). The writer published his wedge theory of earth pressure and was the first who
discovered that the shearing resistance of soil is composed of two components namely,
cohesion and friction. Thereafter Darcy’s law for flow of water through soils and

Strokes law for settlement of solid particles in liquids (1856) were presented. These



laws play an important role in soil engineering to date. Rankine presented his theory for
calculating earth pressure and safe bearing capacity of foundation in 1857. In the
nineteenth century, Boussinesa (1885) presented his analysis for stress distribution in

semi-infinite, elastic medium under surface point load.

In general, the basic physical properties of soil were understood at the beginning of
twentieth century through the work of Alterberg (1911), a Swedish soil scientist. The
writer was the first to establish in (1911) the different stage of consistency in which a
clay soil may exist depending upon its water content. Terzaghi (1923) published his
theory of consolidation and the term soil mechanics was found by him in (1925), when
his book under the equivalent German title Erdbanmechanic was published. Recently,
in (1933), the contribution of proctor on the principle of soil compaction was

acknowledged.

The classification of soil according to Holtz and Kovacs (1995) is the system that
represents the effective language communication between the engineers. It also
provides the method of categorizing the soil according to their engineering behaviours,
and allows Engineers access to the accumulated experienced of other engineers. The
classification system is not enough to eliminate the need for detail soil investigation or
testing for engineering properties. However, the engineering properties have been fond
to correlate with the index and classification properties of a given soil. The most
common systems of classification used today in civil engineering practice (Holtz et al
1995) are Unified Soil Classification System (USCS) and the American Association of

State Highway and Transportation Official (AASHTO).
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The importance of soil in terms of its usage can not be over emphasized, as it is the
most available, cheapest constructional materials throughout the world. It is widely
used in construction of transportation facilities, water retention structures, dwelling and
monument tombs (Lamb et al, 1979).Soil is also used for reclamation project where
large sites are built by filling through the process known as hydraulic filling. It is
commonly used again as construction material in the pavement of road and air fields.
The material used for construction of earth reservoirs and containers for storage of
industrial fluids such as refrigerated liquefied gas is predominantly the soil (Lambe et

al, 1979)

Laterites

The name laterite was derived from the latin word “later” meaning brick and the term
was first used to described soil by Buchama, 1807 in southern India. The word laterite
described materials with no reasonable constant properties. It signifies a different
material to different part of the world. There were a lot of diverse definitions of laterite
simply because of its engineering and geotechnical properties. Among the definitions
that has wide acceptance in 19" century is that of Gidigasu 1976 which defined laterite
in terms of silica sesquioxide ratio. Although the definition lost its recognition later
because it does not established any relationship with engineering properties of laterite.
Buchaman (1807) used the term laterite to describe the reddish ferruginous, vesicular,
Unstratified and Procus materials with yellow Ochres occurring extensively in Malabar,
India. Some definitions have been made on the basis of the relative content of the
hydroxide they contain (Lacroix, 1913), of the silica-alumina ratio, si0,/Al, 0; (Matrtin

and Doune, 1941), or in terms of Mature and Inmature Soils (Pendleton and



Sharrasullma, 1946). Others include that of Lynon associated inc (1971) which use the
silica to sesquioxide ratio as basis for definition as follows:

Si0,/ fe; A1, 03 The researcher stated that if the ratio is less than 1.33, the soil is termed
true or pure laterite, between 1.33 and 2.00 is termed as lateritic soil while those that
are greater than 2.00 is termed non-lateritic soil. The above definition by Lynon
associate inc (1971) is found not convenient from an engineering point of view,
particularly in developing countries where there is lack of laboratory facilities. The
author therefore went on to define lateritic soil as a product of tropical weathering with
reddish-brown or dark-brown color and generally (but not exclusively found below
hardened ferruginous crust or landscape). Laterite and lateritic soil form a group
comprising a wide variety of red, brown and yellow fine-grained residual soils of light
texture as well as nodular gravel and cement soils. They may vary from loose materials
to a massive rock and they are characterized by the presence of iron and aluminum
oxides or hydroxides, particularly those of iron gives color to the soil for engineering
purposes. Laterite soil can also be refered as the materials with low concentration of
oxide (Newill and Dowling, 1990). Ola (1983) defined the lateritic soil as all product of
tropical weathering with red, reddish brown or dark colour with or without nodules or
concretions and generally (but not exclusively) found below hardened ferruginous crust
or hard pan. An all- encompassing definition by Gridigasu (1975) is seen to include
four of the great soils groups defined by Thorp and Smith (1941) as follows. (i) The
reddish brown lateritic soil (ii) Yellowish brown lateritic soil (iii) Lateritic soils and

(iv) Ground water lateritic soils.

However, Hunt (1984) had earlier identified specific regions in the middle latitudes

which include much of Brazil, the southern part of Africa, southern Asia and part of
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India as specified regions where laterite deposit could be found. The researchers also
identified laterites as not always trouble some since they consist mainly of kaolin clays,

which are relatively inactive and non-swelling.

Properties of Laterites
The higher the proportion of sequioxide relative to other chemical components is a
feature characteristic of all grades of laterite soil. Two groups of laterite materials are

chemically identifiable according to (Sherman, 1952).

1. Those groups in which the iron oxide predominate (ferruginous laterite soils)
and
2 Those which alumina predominate (aluminous laterite soils)

The common chemical composition of laterite according to Gidigasu (1976), Ola
(1983), Osumbi (2003), are silica (Si0;), sequioxide of iron (Fe;03) and aluminium
(A1,03). Other common chemical constituents of laterite soils are oxides of manganese
(Mn), titanium (Ti), chromium (Cr), and vanadium (V). Titanium oxides does not
commonly occur in reasonable amount in most varieties but it may sometimes be a
major constituent in some laterite soil (Sherman,1962). Silica is low in most lateritic
soil deposits but higher amount are found in few deposits where parent rock contains a
lot of quartz. The West African laterite soil according to (Gidigasu, 1976) reported the
presence of higher sequioxide of between 20-50 % against black clays, which possess
less than 20%. The presence of sesquioxide particularly that of iron (Fe,03) imparts on
the laterites, the property of hardening on firing. This was confirmed by Adeyemi et al
(1990) who conducted a research work on laterites collected from three different areas
in the southern Nigeria, aiming at evaluating the strength of both air dried and fire

bricks made of these laterite clay deposits. Observation shows that firing increases the



2.3.

compressive strength of laterite collected from the first area by three times compared to
that of air —dried one. While those of the remaining two areas increased in strength by
eight times compared to the air dried one. The wide variation in the compressive
strength of the last two areas is due to higher iron oxide (fe;03) content of the lateritic

soil deposit.

However, the geotechnical characteristics and field performance of most laterite soils
are influenced considerably by genesis, degree of weathering, morphological
characteristics, chemical and mineral composition as well as environmental condition
(Osunbi, 2004). Though, the terminology used to described the properties of lateritic
soil are not standardized but the geotechnical properties of its cohesion, resistance to
stress, moisture relationship, susceptibility to value change and reaction to various kind
of additives are in co-operated for the purpose of moisture and strength stabilization

(Osunbi, 2004).

Classification of Laterites

Different researchers used different approach to the classification of laterites. Some
researchers based their classification on the mode of formation, parent materials and
degree of weathering of laterite soil. Mineralogical composition of laterites tends to
classify it as problem or non problem laterite, laterite of high strength or low strength,
laterites of high construction pore pressures, laterites of high swelling potential and
other undesirable properties laterite soil may posses. Other classifications are based on

the index properties of laterite soil.
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According to (Ola, 1983), most of Nigerian laterites falls between A-1-a and A-7-6 of
American Association of State Highway Transportation Officials (AASHTO)
classification system. The range of index values of some laterite soil deposits in
Nigerian as reported by Madu, (1975) revealed the liquid limits and plastic limits
ranges between 45%-57.2% and 22%-40.40% respectively. The plasticity index and
shrinkage limits also lie within 16%-24% and 8.6%-14.8% respectively. However,
Gidigasu (1976) reported higher value of liquid limit and plasticity index of above 50%
and 30% respectively. The engineering properties of soil deposits vary widely in the
same manner as its texture. Gidigasu (1976), and Ola (1983), reported California
Bearing Ratio (CBR) values as low as 2% for problem laterite to as high as more than
200% for good laterite soil. Maximum dry densities as low as 1.50mg/m’ to as high as
2.4 mg/m® has equally been recorded at British standard light (BSL) compaction

energy. It is obvious that the higher the compaction energy the higher the results.

Mechanical Stabilization of Soil

Stabilization is a term used for improvement of soils either as they exist in situ or when
laid and densified as fill. It relies on process of change which directly affects the
interactions of earth, water and air in a soil and it allows one to achieve permanent
properties which might make a soil suitable for one or more particular applications as a
construction/ building material (Valentine,1993). In other word it is the improvement of
the soil by the use of controlled compaction proportioning and or addition of suitable
admixture or stabilizer. (Justo et al, 2001). Some researchers (Gidigasu, 1976, Ola,
1983, Singh, 1991, AFMAN, 1994) have all defined mechanical stabilization in their
various words to mean the mixture of appropriately proportioned soil aggregates with

some binders soil like clay or sand, after which the mixture is properly compacted to a

10
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ii.

iii.

iv.

stable layer. Moreover, the main purpose of soil stabilization is to improve the soil
strength, bearing capacity and durability under adverse moisture and stress condition

(Gidigasu, 1976).

In mechanical stabilization, the basic principles involved are proportioning and
compaction (Singh, 1991). It is known that aggregates soil mixtures having none or
little amount of fine can only be stable under confined conditions due to lack of
cohesion between aggregates. These types of materials will have high permeability.
Mechanical stabilization of this material with addition of some binder soil like clay
would improve the strength and stability of the mixture even under unconfined
conditions. But in a situations where by soil deposit is predominantly fine material, the
compacted aggregate grains will not be in contact with each other and the stability of
the soil is virtually decreased. This situation can be corrected by mechanically adding
appropriate proportion of coarse aggregate to the soil in other to improve its strength
and stability. However, the improvement of soil with lime does not give the required

strength and durability.

It is possible to change two characteristics of a soil, the texture and the structure, and
these changes alter three main properties of the soil which are porosity, permeability
and the mechanical strength. The objective for changing these two characteristics are:-

Reducing porosity and tendency of a soil to swell and shrink

Achieving higher dry and wet compressive strength and shearing strength

Improving resistance to erosion and the water resistance of the surface.

Achieving better cohesion

11
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However Singh (1991) highlighted some factor that affect the stability of a mechanically

stable layer to include

L

i

iii

iv

Proper grading: To achieve maximum strength and stability from
mechanically stabilized soils, the amount of fines present in the mixture should
be sufficient to fill in the voids in the aggregates

Properties of the soil to be mixed:- properties of soil affect the strength in
mechanically stabilized soil mixture. The higher the plasticity index of the soil
included in the mixture, the poor the stability of the compacted mix under
soaking conditions.

Strength of aggregate in use : if a proper grading is achieved, the strength of the

mix will be controlled by the crushing strength of the aggregates. If the crushing
strength of aggregates is low, the stability of mixture will reduced.

Amount of compaction :- Being the most important factor in the processes of soil
stabilization, researchers like Gidigasu(1976), Ola (1983)/Osinubi (1998), have
reported increase in strength of stabilized soils with increase in compaction
energy (that is,from British standard light (BSL) compaction energy to West
African Standard (WAS) compaction energy.

presence of harmful ingredients:- presence of harmful ingredients like sulphates
can affect the compacted mix negatively but presence of salt like calcium chloride

could be beneficial (singh,1991).

Previous Work

In recent years, some researchers have diverted their attention at evaluating usefulness

of lateritic soil in building and allied industries, and some useful results were reported

form their earlier research. It has been found that the strength of a laterite is a function

12



of grain size and the source of soil (Lasisi and Osunade, 1988). They also reported that

the possible geological formation processes are factor in the determination of strength.

As a following studies of the investigation by (Thomas and Lisk, 1971) on the
suitability of crusher lateritic rocks for use in both building and road construction, the
results indicate that the lateritic aggregates are suitable as roads construction material
and concrete aggregate, despite their slightly inferior performance compared with that
of igneous aggregates (Madu, 1980). Another researcher (Ola, 1983) reported that the
engineering properties of lateritic soils can be improved through some effective means
such as stabilization with cement, lime, bitumen, sand etc for both road construction

and low cost housing.

13



CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Materials
The materials used for this project are lateritic soil (passing sieve no 5.00mm)and clear
river sand. The lateritic soil was collected from a borrow pit in a village called Gidan kaji
along Minna — Kuta road, Niger State while the river sand was taken from a construction

site. The method of collection used was disturbed sampling

3.2.0 Methodology
The methods employed in this research work are in accordance with
BS1377 (1990) and it involves primarily the mixing of lateritic soil with various
percentage of river sand that ranges between 0,5,10 to 100%. The test conducted on the
mixture was compaction using BSL and WAS compaction methods. Mean while, index
properties test were conducted on lateritic soil alone so as to classify it according to
unified soil classification system (USCS) and AASHTO classification method. Although

sieve analysis and specific gravity test as were also carried out on river sand.

3.2.1 Soil Classification Test

3.2.1.1 Determination of Natural Moisture Content
The lateritic soil collected from borrow pit was immediately kept in an air tight
polythene bag to avoid the escape of moisture and was brought to the laboratory. Two
empty cans were cleaned and weighed (M;). About 30g of moist sample was placed in
each of the can, the mass of the cans and the contents were taken and recorded (M>). It
was then placed in an oven at a temperature of 105°C for a period of 24 hours to dry

sufficiently. After drying, the mass of the can and its dry soil content were taken and

14



recordcd (M3). The weight of water in the soil and the weight of dry soil were obtained

by diffe rences in weight as shown in the formular and Table 3.1 below.

My
Moisture Content (W)% = = v X 100
¥

M; - M, (3.1)
Where W= Moisture content in percentage (%)
M,= Mass of can (g)
M, = Mass of can + wet Soil (g)
M3 = Mass of can + Dry Soil (g)
My = Mass of Water (g) and

M, = mass of dry Soil (g)

Table 3.1 Natural Moisture Content

Trial number 1 2 3
Can Number Aj B, C
Mass of can M; (g) 24.2 24.7 27.9

Mass of can + wet soil M3 (g) 52.4 59.5 57.9

Mass of can + dry soil M3 (g) 47.8 53.8 33.1

Mass of dry soil My (g) 23.6 29.1 252
Mass of water My (g) 4.6 5.7 4.8
Moisture content W (%) 19.49 19.59 19.05
Average O M.C (%) 19

3.2.1.2 Determination of Specific Gravity
The density bottles with stoppers were washed and dried at 105°C, cooled and weighed

empty with stopper to the nearest 0.01g as M. A quantity of representative sample that

15



passes through sieve No. 5.00mm was transferred to the density bottles and the bottles
and their contents with stoppers were weighed as M,. Distilled water was added to
cover the soil in the bottle and allowed to. be fully soaked. The stoppers were then
inserted and the bottle plus the content were shaken together, the stsopper was removed
again so as to fill the bottle to a 250ml mark. The density bottles and the contents were
weighed as Mj;. The density bottles content were emptied completely and clay
thoroughly. Oven dried the bottles at 105°C and allowed to cool. Clean the cool oven
dried density bottles and filled with distilled water alone to a 250ml mark. Replace the
stoppers and take the weight of bottles and contents (distilled water) as My.

Specific gravity (Gs) of any material is calculated using the formular

M, — M,
M, —My) — (M; — M,) (3.2)

and the results were presented in the table 3.2 below

Table 3.2 Specific Gravity Test

Samples Lateritic soil

Test number 1 2 3
Mass of empty density bottle M; (g) 97.5 126.7 114.2
Mass density bottle + sample M (g) 129.9 164.7 148.5
Mass of density bottle + soil + 376.5 410.6 394.5
water M3 (g)

Mass of density bottle + water My (g) 356.6 387.0 373.2
Specific gravity (Gs) 2.59 2.64 2.64
Average specific gravity (AGs) 2.62
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3.2.1.3 Determination of Particle Size Distribution Test (Sieve Analysis)

300g of air dried soil that passes sieve no 5.00mm was weighed and soaked in water for
24 hours. The soil was later washed through a BS 2.0 mm test sieve nested on BS
75um test sieve until all the fine particles were removed.

This is achieved when the water passing through sieve No 75um was totally clear. The
sample retained on the two sieves was then collected in a weighing pan and oven dried
for 24 hours at 100°C. The dried sample from the oven was weighed and recorded.

A set of BS sieve was then arranged in a descending order and poured the sample on
the top sieve (that is, number 5.00mm). The top sieve was covered to avoid the escape
of soil grains from the top sieve during operation. The set of sieve were then mounted
on mechanically sieve shaker electrically operated and it is allowed to vibrate for about
10 minutes before the machine is switched off.

The sieves were then removed one after the other and their respective weight plus
retained sample (materials) were taken and recorded as shown in table 3.3. The

percentage weight of the retained sample was calculated using the formula below.

. weight of sample retained on sieve
Percentage retained = — X100
Initial weight of washed sample (3.3)

Percentage passing = 100 — cumulative percentage retained
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Table 3.3 Particle Size Distribution Test

Sieve size(mm) Wt of sample % wt Cumm.% % Passing
retained (g) retained retained
5.00 0 0 0 100

3.35 7.7 257 2.57 97.43
2.00 32 10.67 13.24 86.77
1.18 27.6 9.20 22.44 77.57
0.55 12.3 4.10 26.54 73.47
0.60 8.2 2.73 29.27 70.73
0.45 6.1 2.03 313 68.70
0.300 8.4 2.80 34.1 65.90
0.15 22.8 7.60 41.7 58.30
0.075 4.2 1.40 43.1 56.90

3.2.1.4 Determination of Liquid Limit Test Using Cone Penetrometer Method

3.2.1.4a Liquid Limit Test
200g of laterite sample passing sieve no 425um was weighed and poured on a glass
plate. The distilled water was added to the sample and mixed thoroughly until uniform
paste was achieved. About 20g of the paste was set aside for plastic limit test. The
remaining sample was then put into a brass cup with a palette knife without applying
much pressure on the sample. The sample is then leveled with the top edge of the cup
using the spatula to give a smooth surface. The cup was positioned under the cone
penetrometer with the tip of the cone just in contact with the paste surface. The dial
gauge was set at zero and the cone was released through a knob to penetrate the paste.
The depth of penetration was taken from the gauge and the small portion of the paste

was taken for moisture content determination. The paste was emptied from the cup and
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put back on the glass plate. A small quantity of water was added and mixed thoroughly
again and the process repeated for another four trials.

The graph of penetration against moisture content was plotted and the moisture content
that correspond to 200mm penetration depth is taken as the liquid limit of the sample.
The penetration depths and moisture contents readings were recorded and

tabulated in the table 3.4 below.

3.2.1.4 b Plastic Limit

The set aside 30g of already mixed paste during the liquid limit test was broken into
smaller parts and shaped into small balls. The ball of soil should be rolled by hand on a
glass plate with sufficient pressure to form a thread of 3mm diameter on
crumbling/cracking. The portions of the cracked threads were placed in the moisture
cans, and the weights were taken before and after oven drying for moisture content
determination. The average moisture content in the plastic limit column is taken as
plastic limit value in percentage.

The readings of plastic limit tests were also tabulated in the table 3.4.

3.2.1.4c Plasticity Index

Plasticity index is the numerical difference between the values of liquid limit and

plastic limit of a soil.
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Table 3.4 Liquid Limit and Plastic Limit

Trial No 1 2 3 4 5  plastic limit
(PL)
1 2

Penetration (CM) 9.6 13.3 16.0 182 255

weight of can (g) 222 22.0 18.30 22.1 200 22.0 224
weight of can + wet soil (g)  41.3 42.9 36.50 364 462 23.1 235
weight of can +dry soil (g) 36.9 37.8 31.80 326 388 229 233
weight of moisture (g) 4.40 3.1 4.70 380 740 020 0.2
weight of dry soil (g) 1470 1580 1350 10.50 18.80 0.90 0.90
Moisture content (%) 2993 3228 3481 36.19 3938 2222 222
Average plastic limit 22.22%

3.2.1.5 Determination of Soil Compaction Test

3kg of air dried lateritic soil sample passing through BS sieve no 5.00mm was
measured out using the weighing balance and poured on the tray. The empty mould
with base plate was weighed and recorded. The water was added to the soil sample and
mixed properly to give a uniform mixture without addition of river sand. This is to
obtain optimum moisture content and MDD of lateritic soil to serve as a control. The
moist soil was then put into the coupled mould in three equal layers, given each layer
25 blows, using 2.5kg rammer.

The blows were distributed evenly over the surface of each layer. The collar attachment
was removed and the compacted soil surface was smoothen and leveled with the top of
mould. The mould and compacted soil were weighed and recorded. Small quantity of

compacted sample were taken from the top and bottom of the mould and put into two
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moisture cans for onward placement into the oven for 24 hours. The remaining
compacted sample in the mould was extruded back to the tray and little quantity of
water was added and mixed thoroughly again. The above process that follows the
mixing were repeated until based on wet masses, a peak value is followed by one or
two slightly lesser compacted masses.

The entire process was repeated for 5, 10, 15 ...to 100% of river sand added to 3kg of
lateritic soil.

The dry weights were taken after 24 hours and average moisture content are determined
for each trial test. The dry densities were calculated and the graph of dry densities
against moisture content were plotted for each percentage in consideration.

The formular used for determination of bulk density, moisture content and dry densities

were given below.

Bulk density = weight of compacted soil (g)
Volume (944cm?) ik
Moistu tent (96) weight of Water P
oisture ¢ -
onten Weight of Dry Soil 3.5)
bulk densi
Dry density = u. ensity
1 + moisture content 36)

The compaction test table for 0% (British standard light) is shown below in table 3.5.

The format remains the same for other percentages of 5 to 100.
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Table 3.5 Compaction Test Table for 0 % (British Standard Light)

Test No. 1 2 3 4 5

Weight of 4802 4802 4802 4802 4802

mould (g)

Wt of mould 6315 6445 6655 6765 6707

+ wet soil (g)

Wt of can m, 16.1 1901 222 226 279 240 234 242 938 9.8
®

Wt of can + 359 464  45.1 48.8 55.8 689 651 687 556 539
wet soil (g)

M,

Wt of can 346 446 428 463 524 635 593 623 476 464
+dry (g) (M3)

Wet of 130 1.80 230 250 3.40 540 580 6.40 8.00 7.50
moisture (g)

Wtofdrysoil 18.60 2550 20.60 23.70 2450 3950 3590 38.10 37.8 36.60
(8

Moisture 699 7.06 11.17 1055 13.88 13.67 16.16 16.80 212 20.49
content (%)

Average 7.02 10.86 13.77 16.48 20.83

moisture

content (%)

Dry density 1.4976 1.5700 1.7253 1.7853 1.6702

(g/em’)

Similarly, the same procedures were taken in carrying out the compaction test using
West African standard energy. But in this case, the numbers of layers were five and the
numbers of blows were ten, distributed over the surface of compacted sample. The tests
were carried out on 0 %,5%........ and 100% of river sand to the weight of lateritic soil

for both compacting energies ( that is, BSL and WAS).
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Index Properties Test
The results for the identification and classification tests carried out on the natural
lateritic soil sample as well as compaction characteristics are presented in the table
below.

Table 4.1.0 classification test result for the lateritic soil

Tests Results
Natural moisture content (%) 19
Percentage passing BS 2.00 (%) 86.77
Liquid limit (%) 36.66
Plastic limit (%) 22.22
Plasticity index (%) 14.44
AASHTO classification A-6
Unified soil classification system (USCS) CL
Maximum dry density (MDD)g/cm’ (proctor ) 1.785
Optimum moisture content (OMC)% (proctor ) 16.5
Maximum dry density (MDD) g /M> (WAS) 1.844
Optimum moisture content (OMC) % (WAS) 15.2
Specific gravity (Gs) 262
Texture : )
Fine grain soil
Colour Reddish brown.

From the Table 4.1.1 the soil sample has natural moisture content of 19% and specific

gravity of 2.62.
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4.2.0

Based on the results of particle size distribution and liquid limit tests, the lateritic soil
sample was classified under the AASHTO classification system as A-6 soil and clay of

low plasticity (CL) under unified soil classification system (USCS) respectively.

Compaction Characteristics

The summary of compaction characteristics of the mixture (lateritic soil and river sand)
at different compaction energies were presented in the Tables 4.1.1 and 4.1.2
respectively. While the graph of MDDs against percentage river sand for British
standard light (BSL) and West African standard (WAS) were shown in Figure 4.1.2and
that of OMCs against percentage river sand for both energies were shown in Figure
4.1.3.

From Figure 4.1.2, it was observed that the MDD increases with increase in compacting
energy. (ie from BSL to WAS). At BSL energy level, the MDD increases from
l.7770g/cm3 at 5% river sand to 1.947g/ cm® at 80% river sand after which the values
becomes relatively constant with further increase in river sand.

Similarly, at WAS energy level, the MDD equally increases from 1.904g/cm3 at 5%
river sand to 2.085g/cm’ at 95% river sand and the values tend to become constant as

from 70% to 100% river sand.

These increases is probably due to the presence of cohesionless hard quartz minerals in
river sand which does not decomposed at all. With increase in river sand, the fine
quartz minerals gradually displace the clay particles in the natural lateritic soil thereby
increasing the density of the mixture. When the clay is fully or partially displaced by
the river sand, a state of steady or uniform density is reached and this can be attributed

to the higher specific gravity of river sand compared to that of clay.
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The OMC however decreases with increase in compacting energy level (that is, from
WAS to BSL). The BSL has higher moisture content than WAS because of its low
compacting energy. In BSL, as the river sand was increased, the OMC decreases from
16.3% at 5% river sand to 12.9% at 75% river sand and become steady down to 100%
river sand.

Similarly, in WAS, as the river sand was increased, the OMC decreases from 14.% at
5% river sand to 10% at 75% river sand and become steady from that 75% to 100%
river sand. This phenomenon is due to the replacement of clay minerals by fine quartz
particles which do not absorb water. After almost all the clay minerals have been
replaced, the OMC remain constant for the remaining increase in percentage of river

sand.
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Table 4.1.1 Summary of MDDs and OMC:s result for BSL

River sand % MDD(g/cm’) OMC( %)
0 1.785 16.5
5 1.770 16.3
10 1.832 16.5
15 1.824 15.7
20 1.891 13.5
25 1.861 13.4
30 1.860 13.2
35 1.849 14.0
40 1.897 13.2
45 1.927 13.6
50 1.93 14.2
55 1.941 12.8
60 1.928 12.6
65 1.912 12.7
70 1.917 12.4
75 1.923 12.9
80 1.947 12.9
85 1.913 12.9
90 1.922 12.6
95 1.934 12.7
100 1.930 12.7
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Table 4.1.2 summary of MDDs and OMC:s results for WAS

River sand % MDD(g/cm’) OMC(%)
0 1.844 15.2
5 1.904 14.0
10 1.896 13.3
15 1.908 13.2
20 1.955 12.1
25 1.950 12.6
30 1.998 12.0
35 1.952 12.6
40 1.951 12.4
45 2.006 11.8
50 1.959 12.0
55 1.964 12.1
60 1.980 11.8
65 1.979 11.9
70 2.039 11.0
75 2.046 10.6
80 2.031 10.8
85 2.052 10.7
90 2.048 10.7
95 2.085 11.0
100 2.020 10.9
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Table 4.1.3 Sieve Analysis result (Laterite)
Project : Sieve Analysis for natural Lateritic soil (Abubakar thesis)

Test Location :

Sample no. : Initial Sample mass : 300 g Date :
Sample Description :
Sieve size (mm) Mass retained (g) % Retained % Passing
5.000 0 0.00 100.00
3.350 7.7 2.57 97.43
2.000 32 10.67 86.77
1.180 27.6 9.20 77.57
0.850 12.3 4.10 73.47
0.600 8.2 2.73 70.73
0.425 6.1 2.03 68.70
0.300 8.4 2.80 65.90
0.150 2238 7.60 58.30
0.075 42 1.40 56.90
Hydrometer Analysis
Percentage Passi
100 g .
90
80
70
60
50
40
30
20
10
0
0.001 0.01 0.1 1

Sieve Size (mm)

Fig.4.1.0 Graph of sieve analysis for lateritic soil
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Table 4.1.4 Sieve Analysis result (River Sand)

8 Project : Sieve Analysis for River sand (Abubakar thesis)
Test Location :
-3 Sample no. : Initial Sample mass : 300 g Date :
Sample Description :
Sieve size (mm) Mass retained (g) % Retained % Passing
5.000 0 0.00 100.00
3.350 2.5 0.83 99.17
2.000 7 2.33 96.83
1.180 16.2 5.40 91.43
0.850 20.6 6.87 84.57
0.600 421 14.03 70.53
0.425 60.5 20.17 50.37
0.300 60.3 20.10 30.27
0.150 70.4 23.47 6.80
0.075 13.7 4.57 223
Hydrometer Analysis
Percentage Passing
100
90
80
70
60
50
40
30
20
10
0
0.001 0.01 0.1 1

Sieve Size (mm)

Fig.4.1.0a Graph of sieve analysis for river sand
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Table 4.1.5 Liquid Limit test result (Laterite)
Project : Liquid limit for Natural laterite (Abubakar thesis)

Test Location :

Sample no. : Depth of sample : Date :

Sample Description :

LIQUID LIMIT PLASTIC LIMIT
Can Number 1 2 3 4 5 1 2
Penetration 9.6 133 16.0 18.2 25.5
Can Weight 222 220 183 221 20.0 220 224
Weight of Can + Wet Soil 413 429 36.5 36.4 46.2 23.1 235
Weight of Can + Dry Soil 36.9 37.8 31.8 32.6 38.8 229 233
Weight of Moisture 4.40 5.10 4.70 3.80 7.40 0.20 0.20
Weight of Dry Soil 14.70 15.80 13.50 10.50 18.80 0.90 0.90
Moisture Content 29.93 32.28 34.81 36.19 39.36 22.22 2222
Liquid Limit 36.66 % Average Plastic Limit : 22.22%

Penetration (mm)

25

20 O A VUSRI SHN S U A PISES GRS e SR YL LA 5 SR e B g

15

10

0 5 10 15 20
Moisture Content (%)

Test executed by:

Fig.4.1.1 Graph of liquid limit for lateritic soil
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Table 4.1.6 Natural Moisture Content of Lateritic Soil

Can number 1 2 3
Can weight (g) 24.2 27.9 24.7
Weight Of Can + 524 57.9 39.5
Wet Soil (g)

Weight of Can + 47.8 33.1 53.8
Dry Soil (g)

Weight of Moisture 4.60 4.80 5.70
(2)

Weight of Dry Soil 23.60 25.20 29.10
(2

Moisture Content 19.49 19.05 19.59
(%)

Average M.C (%) 19%
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Table 4.1.7 Specific Gravity of Lateritic Soil

Trial No 1 2 3
Weight of empty
bottle (g) 97.5 114.2 126.7
Weight Of bottle +
Dry Soil (g)
129.9 148.5 164.7

Weight of bottle +
soil + water (g)

376.5 394.5 410.6
Weight of bottle +
water (g)

356.6 3732 387.0
Specific Gravity
(Gs) 2.59 2.64 2.64
Average specific
gravity (Gs)

2.62
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Table 4.1.8 Specific Gravity of River Sand

Trial No 1 2
Weight of empty

bottle (g) 114.4 97.7
Weight Of bottle +

Dry Soil (g) 157.6 138.1
Weight of bottle +

soil + water (g) 389.6 381.8
Weight of bottle +

water (g) 362.7 356.5
Specific Gravity

(Gs) 2.65 2.68

Average specific

gravity (Gs)

2.67
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Fig. 4.1.2 Variation of MDD with riversand for BSL and WAS
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
Conclusion
From the results of the investigation carried out, the natural lateritic soil is classified
under A-6 based on AASHTO classification system and clay of low plasticity (CL)

under unified soil classification system (USCS).

The maximum dry density of the mixture increases while the optimum moisture content
decrease with increase in river sand percentage. At BSL energy level the MDD
increases from 1.7770g/cm3 at 5% river sand to 1.947g/cm’ at 80% river sand. The
percentage increase in MDD is 9.09%. while at WAS energy level, the MDD increases
from 1.904g/cm’ at 5% river sand to 2.085g/cm® at 95% river sand. The percentage
increases is 8.68%. However, at BSL energy level the OMC decreases from 16.3% at
5% river sand to 12.9% at 75% river sand. The percentage decrease is 20.85% while at
WAS energy level, the OMC decrease from 14% at 5% river sand to 10% at 75% river

sand. The average percentage decrease is 28.57%.

Recommendations

To ascertain the strength of the mixture for its engineering performance, it is
recommended that further research work should be carried out on this topic with more
emphasis on unconfined compressive strength, shear strength, California bearing ratio
(CBR) test, atterberg limit test and sieve analysis tests on various percentages of the

mixture.
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Appendix Al

Table A1 Compaction test result for 0% river sand (BSL)

Project : 0% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6315 6445 6655 6765 6707
Weight of Wet Soil (g) 1,513.00 1,643.00 1,853.00 1,963.00 1,905.00
Wet Density (g/cm3) 1.60 1.74 1.96 2.08 2.02
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 16.0| 19.1| 222| 22.6| 279| 24.0| 234 242 9.8 9.8
Weight of Can + Wet Soil (g) | 35.9| 46.4| 451| 488| 558/ 689| 65.1| 68.7| 556| 53.9
Weight of Can+Dry Soil (g) | 34.6| 44.6| 42.8| 463| 52.4| 63.5| 59.3| 623| 47.6| 464
Weight of Water (g) 1.30| 1.80| 230| 250 340 540 580| 6.40| 800 7.50
Weight of Dry Soil (g) | 18.60| 25.50| 20.60| 23.70| 24.50| 39.50| 35.90| 38.10| 37.80| 36.60
Moisture Content (g) | 6.99| 7.06| 11.17| 10.55| 13.88| 13.67| 16.16| 16.80| 21.16| 20.49
Ave. Moisture Content (g) 7.02 10.86 13.77 16.48 20.83
Dry Density (g/cm3) 1.4976 1.5700 1.7253 1.7853 1.6702
Dry Density (g/cm 3)
1.7738
1.7239
16739
16239
15739
15239
14739

MDD : 1.7853 g/cm3
OMC : 16.51 %

12
Moisture Content (%)

17

Test executed by:
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Fig.A1 Graph of compaction for 0% river sand (BSL)




Appendix A2

Table A2 Compaction test result for 5% river sand (BSL)

Project : 5% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6326 6578 6723 6774 6694
Weight of Wet Soil (g) 1,511.00 1,763.00 1,908.00 1,959.00 1,879.00
Wet Density (g/cm3) 1.60 1.87 2.02 2.08 1.99
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 30.1| 24.2| 23.1| 27.6] 22.6| 243| 20.0( 26.1| 233 294
Weight of Can + Wet Soil (g) | 57.3| 54.2| 51.7| 53.0| 60.7| 499| 544| 574| 711 762
Weight of Can + Dry Soil (g) | 55.4| 523| 488| 50.4| 558| 46.6| 489| 526| 623 674
Weight of Water (g) 1.90| 1.90{ 290 2.60| 4.90 330 550 4.80| 8.80| 8.80
Weight of Dry Soil (g) | 25.30| 28.10| 25.70| 22.80| 33.20| 22.30( 28.90| 26.50| 39.00| 38.00
Moisture Content (g) | 7.51| 6.76| 11.28| 11.40| 14.76] 14.80| 19.03| 18.11| 22.56| 23.16
Ave. Moisture Content (g) 7.14 11.34 14.78 18.57 22.86
Dry Density (g/cm3) 1.4940 1.6773 1.7609 1.7502 1.6201

Dry Density (g/cm 3)

1.7440

1.6940

1.6440

1.5940

1.5440

1.4940

MDD : 1.7701 g/cm3
OMC : 16.31 %

12

Moisture Content (%)

Test executed by:

Fig.A2 Graph of compaction for 5% river sand (BSL)
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Appendix A3

Table A3 Compaction test result for 10% river sand (BSL)

Project : 10% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6383 6565 6738 6703 6635
Weight of Wet Soil (g) 1,568.00 1,750.00 1,923.00 1,888.00 1,820.00
Wet Density (g/cm3) 1.66 1.85 2.04 2.00 1.93
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 24.5| 22.7| 25.0| 23.2| 23.4| 245 250 233| 245 25.1
Weight of Can + Wet Soil (g) | 53.3| 46.4| 503| 57.9| 61.8| 57.4| 723| 682 71.8| 74.2
Weight of Can + Dry Soil (g) | 51.0| 44.8{ 47.6| 54.2| 57.0| 533| 64.3| 60.0| 62.8/ 64.9
Weight of Water (g) 230 160/ 2.70| 3.70| 4.80( 4.10 8.00| 820| 9.00| 9.30
Weight of Dry Soil (g) | 26.50| 22.10| 22.60| 31.00| 33.60| 28.80, 39.30| 36.70| 38.30| 39.80
Moisture Content (g) | 8.68| 7.24| 11.95| 11.94| 14.29| 14.24| 20.36| 22.34| 23.50| 23.37
Ave. Moisture Content (g) 7.96 11.94 14.26 21.35 23.43
Dry Density (g/cm3) 1.5386 1.6561 1.7828 1.6481 1.5620

Drv Density (g/em 3)

1.8243

1.7743

1.7243

1.6743

1.6243

1.5743

1.5243

MDD : 1.8320 g/cm3
OMC : 16.51 %

13

18

Moisture Content (%)

Test executed by:

Fig.A3 Graph of compaction for 10% river sand (BSL)
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Appendix A4
Table A4 Compaction test result for 15% river sand (BSL)
Project : 15% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6392 6510 6672 6809 6761
Weight of Wet Soil (g) 1,577.00 1,695.00 1,857.00 1,994.00 1,946.00
Wet Density (g/cm3) 1.67 1.80 1.97 2.11 2.06
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 28.2| 22.5| 23.5| 242| 21.5| 239| 250| 23.5| 235| 245
Weight of Can + Wet Soil (g) | 56.4| 52.2| 52.2| 57.6| 452| 50.5| 60.5| 524| 56.0/ 624
Weight of Can+ Dry Soil (g) | 53.9| 50.0| 494| 544| 425| 475| 556| 48.5| 50.6| 56.0
Weight of Water (g) 250 220{ 280 320 2.70| 3.00f 490| 390 540| 6.40
Weight of Dry Soil (g) | 25.70| 27.50| 25.90| 30.20| 21.00| 23.60| 30.60| 25.00| 27.10| 31.50
Moisture Content (g) 9.73| 8.00 10.81| 10.60| 12.86| 12.71| 16.01| 15.60| 19.93| 20.32
Ave. Moisture Content (g) 8.86 10.70 12.78 15.81 20.12
Dry Density (g/cm3) 1.5345 1.6219 1.7442 1.8240 1.7161

Dry Density (g/cm 3)

1.7845

1.7345

1.6845

1.6345

1.5845

1.5345

MDD : 1.8240 g/cm3
OMC : 15.74 %

14

Moisture Content (%)

Test executed by:

Fig.A4 Graph of compaction for 15% river sand (BSL)

42

19




»”

Appendix AS

Table AS Compaction test result for 20% river sand (BSL)

Project : 20% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 em3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6372 6597 6754 6818 6733
Weight of Wet Soil (g) 1,570.00 1,795.00 1,952.00 2,016.00 1,931.00
Wet Density (g/cm3) 1.66 1.90 2.07 2.14 2.05
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 22.0| 18.5| 19.7| 19.9| 18.2| 243| 220| 21.6| 19.1| 19.8
Weight of Can+ Wet Soil (g) | 43.7| 38.0| 45.4| 57.8| 529| 56.1| 54.6| 61.2| 64.8| 64.2
Weight of Can+ Dry Soil (g) | 42.2| 36.6| 432 544 49.3| 528| 502| 557 57.3| 568
Weight of Water (g) 1.50| 1.40| 2.20| 3.40| 3.60| 3.30| 4.40| 550| 7.50 7.40
Weight of Dry Soil (g) | 20.20| 18.10| 23.50| 34.50| 31.10| 28.50| 28.20| 34.10| 38.20| 37.00
Moisture Content (g) 7.43| 7.73| 9.36| 9.86| 11.58| 11.58| 15.60| 16.13| 19.63| 20.00
Ave. Moisture Content (g) 7.58 9.61 11.58 15.87 19.82
Dry Density (g/cm3) 1.5459 1.7348 1.8532 1.8432 1.7072
Dry Density (g/cm 3)
1.8959
1.8459
1.7959
1.7459
1.6959
1.6459
1.5959
1.5459
8 13 18
Moisture Content (%)
MDD : 1.8910 g/cm3
OMC:13.49%
Test executed by:
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Fig. AS Graph of Compaction for 20% river sand (BSL)
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Appendix A6

Table A6 Compaction test result for 25% river sand (BSL)

Project : 25% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6323 6434 6699 6809 6765
Weight of Wet Soil (g) 1,508.00 1,619.00 1,884.00 1,994.00 1,950.00
Wet Density (g/cm3) 1.60 K72 2.00 2.11 2.07
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 30.1| 22.6| 22.2| 294| 242| 23.1| 233| 27.7| 243| 257
Weight of Can + Wet Soil (g) | 48.0| 43.0| 48.5| 56.8| 56.6| 554| 59.8| 56.8| 64.4| 703
Weight of Can + Dry Soil (g) | 47.2| 42.1| 46.8| 549| 533| 524| 555| 53.3| 588| 639
Weight of Water (g) | 0.80| 0.90| 1.70| 1.90| 3.30[ 3.00| 4.30| 3.50| 5.60| 6.40
Weight of Dry Soil (g) | 17.10| 19.50| 24.60| 25.50| 29.10{ 29.30| 32.20| 25.60| 34.50| 38.20
Moisture Content (g) | 4.68| 4.62| 691| 7.45| 11.34] 10.24| 13.35| 13.67| 16.23| 16.75
Ave. Moisture Content (g) 4.65 7.18 10.79 13.51 16.49
Dry Density (g/cm3) 1.5265 1.6001 1.8014 1.8608 1.7732
Dry Density (g/cm 3)
1.8258
1.7758
1.7258
16758
1.6258
1.6758
1.5258
5 10 15
Moisture Content (%)
MDD : 1.8610 g/cm3
OMC :13.38 %
Test executed by:
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Fig.A6 Graph of compaction for 25% river sand (BSL)
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Appendix A7

Table A7 Compaction test result for 30% river sand (BSL)

Project : 30% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6514 6719 6798 6725 6718
Weight of Wet Soil (g) 1,699.00 1,904.00 1.983.00 1,910.00 1,903.00
Wet Density (¢/cm3) 1.80 2.02 2.10 2.02 2.02
Can Number 1 2 3 4 5 6 j 8 9 10
Weight of Can (g) 239| 24.5| 248 233| 245| 24.5| 245| 25.1| 24.8| 238
Weight of Can + Wet Soil (g) 48.6| 47.7| 49.6| 473| 539 53.3| 587 61.9| 61.1| 64.4
Weight of Can+ Dry Soil (g) | 46.8| 46.0| 47.3| 44.9| 504| 49.8| 53.8/ 56.5| 552| 583
Weight of Water (g) 1.80| 1.70| 230 240 3.50 3.50| 4.90| 5.40| 5.90| 6.10
Weight of Dry Soil (g) | 22.90| 21.50| 22.50| 21.60| 25.90| 25.30| 29.30| 31.40| 30.40| 34.50
Moisture Content (g) 7.86| 7.91| 10.22| 11.11| 13.51| 13.83| 16.72| 17.20| 19.41| 17.68
Ave. Moisture Content (g) 7.88 10.67 13.67 16.96 18.54
Dry Density (g/cm3) 1.6683 1.8225 1.8480 1.7299 1.7005
Dry Density (g/cm 3)
1.8683

1.8183

1.7683

1.7183

1.6683

MDD : 1.8595 g/em3
OMC : 12.58 %

13
Moisture Content (%)

Test

executed by:

Fig.A7 Graph of compaction for 30% river sand (BSL)
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Appendix A8

Table A8 Compaction test result for 35% river sand (BSL)

Project : 35% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6367 6623 6764 6824 6762
Weight of Wet Soil (g) 1,552.00 1.808.00 1,949.00 2,009.00 1,947.00
Wet Density (g/cm3) 1.64 1.92 2.06 213 2.06
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 24.1| 23.3| 225| 294| 25.7| 244| 23.1| 221 30.1| 27.6
Weight of Can + Wet Soil (g) 41.8| 49.0| 480 614 56.0/ 559 553| 543| 669| 63.7
Weight of Can + Dry Soil (g) | 40.7| 47.3| 45.5| 58.4| 526| 522| 51.0/ 500 61.0/ 580
Weight of Water (g) 1.10| 1.70| 2.50| 3.00) 340 3.70| 430 4.30| 5.90| 5.70
Weight of Dry Soil (g) | 16.60| 24.00| 23.00| 29.00| 26.90| 27.80| 27.90| 27.90( 30.90| 30.40
Moisture Content (g) 6.63| 7.08| 10.87| 10.34| 12.64| 13.31| 1541 15.41| 19.09| 18.75
Ave. Moisture Content (g) 6.85 10.61 12.97 15.41 18.92
Dry Density (g/cm3) 1.5386 1.7316 1.8275 1.8440 1.7343

Dry Density (g/cm 3)

1.8386

1.7886

1.7386

1.6886

1.6386

1.5886

1.5386

MDD : 1.8487 g/cm3
OMC : 14.62 %

12
Moisture Content (%)

Test executed by:
Fig.A8 Graph of compaction for 35% river sand (BSL)
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Appendix A9

Table A9 Compaction test result for 40% river sand (BSL)

Project : 40% BSL / Laterite/Riversand/ Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 04/08/2011
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6420 6557 6731 6844 6766
Weight of Wet Soil (g) 1,605.00 1,742.00 1,916.00 2,029.00 1,951.00
Wet Density (g/cm3) 1.70 1.85 2.03 2.15 2.07
Can Number 1 2 3 4 5 6 4 8 9 10
Weight of Can(g) | 18.5| 19.7| 19.9| 19.0| 224| 243| 22.1| 19.8] 22.0| 26.1
Weight of Can + Wet Soil (g) | 41.4| 46.3| 39.6| 41.6| 45.6| 44.6| 54.1| 524| 629| 62.8
Weight of Can + Dry Soil (g) | 40.0| 44.6| 38.0| 399| 43.3| 42.7| 50.3| 486| 56.6|/ 57.0
Weight of Water (g) 140/ 170/ 1.60| 1.70| 230| 190/ 3.80| 3.80| 630 5.80
Weight of Dry Soil (g) | 21.50| 24.90| 18.10| 20.90| 20.90| 18.40| 28.20| 28.80| 34.60| 30.90
Moisture Content (g) | 6.51| 6.83| 8.84| 8.13| 11.00| 10.33| 13.48| 13.19| 18.21| 18.77
Ave. Moisture Content (g) 6.67 8.49 10.67 13.33 18.49
Dry Density (g/cm3) 1.5939 1.7010 1.8341 1.8965 1.7442
Dry Density (g/cm 3)
1.8939
1.8439
1.7939
1.7439
1.6939
16439
1.5939
7 12 17
Moisture Content (%)
MDD : 1.8968 g/cm3
OMC :13.15%
Test executed by:

FigA9 Graph of compaction for 40% river sand (BSL)
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Appendix A10

Table A10 Compaction test result for 45% river sand (BSL)

Project : 45% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4843 4843 4843 4843 4843
Weight of Mold+Wet Soil (g) 6542 6646 6848 6914 6844
Weight of Wet Soil (g) 1,699.00 1,803.00 2,005.00 2,071.00 2,001.00
Wet Density (g/cm3) 1.80 1.91 212 2.19 2.12
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 182 222| 22.0| 185| 22.0| 224 199 251 262 242
Weight of Can + Wet Soil (g) 50.0| 49.6| 55.7| 484| 53.7| 62.6| 66.7| 76.2| 75.1| 78.9
Weight of Can + Dry Soil (g) | 47.8| 47.7| 52.8| 459| 50.3| 583| 60.4| 699 68.0| 70.8
Weight of Water (g) 220 1.90| 290 2.50( 340 430/ 630 630 7.10| 8.10
Weight of Dry Soil (g) | 29.60| 25.50| 30.80| 27.40| 28.30| 35.90| 40.50| 44.80| 41.80 46.60
Moisture Content (g) 7.43| 7.45| 9.42| 9.12| 12.01] 11.98| 15.56| 14.06| 16.99| 17.38
Ave. Moisture Content (g) 7.44 9.27 12.00 14.81 17.18
Dry Density (g/cm3) 1.6751 1.7479 1.8964 1.9109 1.8089
Dry Density (g/em 3)
1.9251
1.8751
1.8251
1.7751
1.7251
16751
7 12 17
Moisture Content (%)
MDD : 1.9273 g/cm3
OMC :13.62 %
Test executed by:

Fig.A10 Graph of compaction for 45% river sand (BSL)
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Appendix A1l

Table A11 Compaction test result for 50% river sand (BSL)

Project : 50% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6359 6516 6605 6831 6787
Weight of Wet Soil (g) 1,557.00 1,714.00 1,803.00 2,029.00 1,985.00
Wet Density (g/cm3) 1.65 1.82 1.91 2.15 2.10
Can Number 1! 2 3 4 5 6 i 8 9 10
Weight of Can (g) 20.8| 22.8| 20.7| 229| 183| 18.7| 19.0| 243| 216/ 19.8
Weight of Can + Wet Soil (g) 43.9| 47.1| 49.3| 485| 44.5| 464| 50.1| S57.5| 66.7| 649
Weight of Can+ Dry Soil (g) | 42.8| 45.9| 47.4| 46.8| 423| 44.1| 46.7| 540| 60.4| 586
Weight of Water (g) 1.10/ 1.20{ 190| 1.70{ 220/ 2.30| 3.40| 3.50| 6.30| 6.30
Weight of Dry Soil (g) | 22.00| 23.10| 26.70| 23.90| 24.00| 25.40| 27.70| 29.70| 38.80| 38.80
Moisture Content (g) 5.000 5.19| 7.12( 7.11| 9.17| 9.06| 12.27| 11.78| 16.24| 16.24
Ave. Moisture Content (g) 5.10 7.11 9.11 12.03 16.24
Dry Density (g/cm3) 1.5694 1.6951 1.7505 1.9186 1.8090

Dry Density (g/em 3)

2.0194

MDD : 2.0162 g/cm3
OMC :14.17%

10

Moisture Content (%)

Test executed by:

15

Fig.A11 Graph of compaction for 50% river sand (BSL)
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Appendix A12

Table A12 Compaction test result for 55% river sand (BSL)

Project : 55% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6361 6474 6759 6860 6819
Weight of Wet Soil (g) 1,559.00 1,672.00 1,957.00 2,058.00 2,017.00
Wet Density (g/cm3) 1.65 177 2.07 2.18 2.14
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 19.8| 21.6| 19.8| 22.0| 243| 185| 224| 189| 184| 220
Weight of Can + Wet Soil (g) | 41.7| 43.5| 37.5| 48.0| 650| 504| 56.6/ 56.2| 539| 60.7
Weight of Can + Dry Soil (g) | 40.6| 42.4| 363| 462 61.2| 47.3| 52.7| 52.2| 49.1| 555
Weight of Water (g) 1.10| 1.10{ 1.20| 1.80| 3.80| 3.10/ 3.90| 4.00| 4.80| 520
Weight of Dry Soil (g) | 20.80| 20.80| 16.50| 24.20| 36.90| 28.80| 30.30| 33.30| 30.70| 33.50
Moisture Content (g) | 5.29| 5.29| 7.27| 7.44| 10.30| 10.76| 12.87| 12.01| 15.64| 15.52
Ave. Moisture Content (g) 5.29 7.36 10.53 12.44 15.58
Dry Density (g/cm3) 1.5685 1.6498 1.8756 1.9389 1.8487

Dry Density (g/em 3)
19184
1.8684
18184
1.7684
1.7184
16684
16184
15684

MDD : 1.9405 g/cm3
OMC : 12.80 %

Fig.A12 Graph of compaction for 55% river sand (BSL)

10
Moisture Content (%)

Test executed by:

50
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| Appendix A13

Table A13 Compaction test result for 60% river sand (BSL)
Project : 60% BSL Laterite/River sand

Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5122011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6397 6524 6723 6858 6782
Weight of Wet Soil (g) 1,595.00 1,722.00 1,921.00 2,056.00 1,980.00
| Wet Density (g/cm3) 1.69 1.82 2.03 2.18 2.10
i Can Number | 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 16.0| 18.3| 22.5| 220/ 220 222 9.7| 99 105 10.0

i Weight of Can + Wet Soil (g) | 43.3| 41.1| 489| 459| 47.1| 56.4| 49.9| 539 588 64.6
1 Weight of Can+ Dry Soil (g) | 42.0| 40.1| 47.1| 442| 44.8| 532| 453| 488| 51.6| 565
1
|
|
I

Weight of Water (g) 130/ 1.00] 1.80| 1.70| 2.30| 3.20| 4.60| 5.10| 7.20| 8.10
Weight of Dry Soil (g) | 26.00| 21.80| 24.60| 22.20| 22.80| 31.00| 35.60| 38.90| 41.10| 46.50
Moisture Content (g) | 5.00| 4.59| 7.32| 7.66| 10.09| 10.32| 12.92| 13.11| 17.52| 17.42

:i Ave. Moisture Content (g) 4.79 7.49 10.21 13.02 17.47
l : Dry Density (g/cm3) 1.6123 1.6971 1.8465 1.9271 17855
\
]l Dry Density (g/cm 3)
P
g 19122
‘k -
} 1.8622

1.8122

1.7622
| 17122
; 16622

16122 .

5 10 15
Moisture Content (%)

MDD : 1.9280 g/cm3
OMC :13.33 %

Test executed by:
Fig.A13 Graph of compaction for 60% river sand (BSL)
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Appendix A14

Table A14 Compaction test result for 65% river sand (BSL)

Project : 65% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4830 4830 4830 4830 4830
Weight of Mold+Wet Soil (g) 6344 6512 6693 6879 6787
Weight of Wet Soil (g) 1,514.00 1,682.00 1,863.00 2,049.00 1,957.00
Wet Density (g/cm3) 1.60 1.78 1.97 217 2.07
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 232 248 247 24.7| 250 25.0f 248| 235| 235| 247
Weight of Can + Wet Soil (g) 579| 61.5| 58.5| 530/ 679 649| 713| 628 69.1| 73.0
Weight of Can+ Dry Soil (g) | 56.4| 59.8| 56.1| 512| 64.1| 61.1| 657 58.0| 622 65.6
Weight of Water (g) 1.50| 1.70| 2.40| 1.80| 3.80| 3.80| 5.60| 4.80| 6.90| 740
Weight of Dry Soil (g) | 33.20| 35.00| 31.40| 26.50| 39.10| 36.10| 40.90| 34.50| 38.70| 40.90
Moisture Content (g) 4.52| 4.86| 7.64| 6.79| 9.72| 10.53| 13.69| 13.91| 17.83| 18.09
Ave. Moisture Content (g) 4.69 7.22 10.12 13.80 17.96
Dry Density (g/cm3) 1.5320 1.6618 1.7921 1.9073 1.7574

Dry Density (g/cm 3)

1.8820
1.8320
1.7820
1.7320
1.6820

1.6320

MDD : 1.9123 g/cm3
OMC : 14.55 %

10
Moisture Content (%)

Test executed by:

Fig.A14 Graph of compaction for 65% river sand (BSL)
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Appendix A15

| Table A15 Compaction test result for 70% river sand (BSL)

1 Project : 70% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6330 6645 6813 6807 6758
Weight of Wet Soil (g) 1,528.00 1,843.00 2,011.00 2,005.00 1,956.00
Wet Density (/cm3) 1.62 1.95 2.13 2.12 2.07
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 22.0( 222| 189( 185 219 243 224| 220| 183| 198
Weight of Can + Wet Soil (g) | 49.3| 46.2| 45.2| 458| 54.7| 57.7| 71.6| 70.9| 77.2| 818
Weight of Can + Dry Soil (g) | 48.1| 45.0| 43.1| 433| 513| 542| 653| 646/ 687 73.1
Weight of Water (g) 1.20| 1.20| 2.10| 2.50| 3.40[ 3.50, 6.30| 6.30, 850 8.70
Weight of Dry Soil (g) | 26.10| 22.80| 24.20| 24.80| 29.40| 29.90| 42.90| 42.60| 50.40| S53.30
Moisture Content (g) | 4.60| 5.26| 8.68| 10.08 11.56| 11.71| 14.69| 14.79| 16.87| 16.32
Ave. Moisture Content (g) 493 9.38 11.64 14.74 16.59
Dry Density (g/cm3) 1.5426 1.7849 1.9083 1.8511 1.7771

Dry Density (g/cm 3)
1.9256

1.8756
1.8256
1.7756
1.7256

1.6756

MDD : 1.9168 g/cm3
OMC :12.39%

10

Moisture Content (%)

15

S s

Test executed by:
Fig.A1S Graph of compaction for 70% river sand (BSL)



Appendix A16

Table A16 Compaction test result for 75% river sand (BSL)

Project : 75% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 ecm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6410 6595 6739 6809 6750
Weight of Wet Soil (g) 1,608.00 1,793.00 1,937.00 2,007.00 1,948.00
Wet Density (g/cm3) 1.70 1.90 2.05 2.13 2.06
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 24.9| 24.8| 25.1| 22.8| 222| 247| 247| 249| 232| 251
Weight of Can + Wet Soil (g) | 59.2| 59.4| 63.8| 662| 663| 669 739| 786| 855| 8l.1
Weight of Can + Dry Soil (g) | 57.3| 57.5| 60.8| 629| 620 62.7| 678 72.0| 763| 729
Weight of Water (g) 1.90| 190/ 3.00/ 3.30( 430 420 6.10] 6.60| 920| 8.20
Weight of Dry Soil (g) | 32.40| 32.70| 35.70| 40.10| 39.80| 38.00| 43.10| 47.10| 53.10| 47.80
Moisture Content (g) | 5.86| 5.81| 8.40| 8.23| 10.80| 11.05| 14.15| 14.01| 17.33| 17.15
Ave. Moisture Content (g) 5.84 8.32 10.93 14.08 17.24
Dry Density (g/cm3) 1.6094 1.7535 1.8498 1.8636 1.7601

Dry Density (g/em 3)

1.8094

1.7594

1.7094

1.6594

1.6094

MDD : 1.8725 g/cm3
OMC : 12.88 %

Fig.A16 Graph of compaction for 75% river sand (BSL)

1"

Moisture Content (%)

Test executed by:
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Appendix A17

Table A17 Compaction test result for 80% river sand (BSL)

Project : 80% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4830 4830 4830 4830 4830
Weight of Mold+Wet Soil (g) 6396 6533 6750 6884 6859
Weight of Wet Soil (g) 1,566.00 1,703.00 1,920.00 2,054.00 2,029.00
Wet Density (g/cm3) 1.66 1.80 2.03 2.18 2.15
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 15.9( 19.0f 22.0| 19.7| 21.6| 19.9| 10.0 99| 104 9.9
Weight of Can + Wet Soil (g) | 40.3| 46.2| 57.2| 47.2| 52.5| 55.3| 46.6] 452| 582| 63.5
Weight of Can + Dry Soil (g) 394| 45.0| 55.0| 455| 49.7| 522| 426| 41.4| 520| 564
Weight of Water (g) 090 1.20f 220 1.70| 2.80| 3.10{ 4.00) 3.80| 6.20| 7.10
Weight of Dry Soil (g) | 23.50| 26.00| 33.00| 25.80| 28.10| 32.30| 32.60| 31.50| 41.60| 46.50
Moisture Content (g) 383 4.62| 6.67| 659 996 9.60| 12.27| 12.06| 14.90| 15.27
Ave. Moisture Content (g) 422 6.63 9.78 12.17 15.09
Dry Density (g/cm3) 1.5917 1.6919 1.8527 1.9398 1.8676
Dry Density (g/cm 3)
1.9417
1.8917
1.8417
1.7917
1.7417
16917
1.6417
1.5917
4 9 14
Moisture Content (%)
MDD : 1.9470 g/cm3
OMC :12.92 %
Test executed by:

Fig.A17 Graph of compaction for 80% river sand (BSL)
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Appendix A18

Table A18 Compaction test result for 85% river sand (BSL)

Project : 85% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6485 6729 6846 6768 6756
Weight of Wet Soil (g) 1,683.00 1,927.00 2,044.00 1,966.00 1,954.00
Wet Density (g/cm3) 1.78 2.04 210 2.08 2.07
Can Number 1 2 3 4 5 6 q 8 9 10
Weight of Can (g) 244 24.7( 23.3| 23.3| 23.8| 23.7| 233| 249| 23.7| 244
Weight of Can + Wet Soil (g) | 57.4| 60.8| 63.6| 55.8/ 69.0| 69.2| 88.8| 84.9| 74.7| 83.0
Weight of Can + Dry Soil (g) 55.2| 58.3| 59.7| 52.7| 63.7| 63.6/ 79.6| 76.2| 67.2| 74.1
Weight of Water (g) 2.20| 2.50 3.90| 3.10f S5.30[ 560, 920| 870/ 7.50| 890
Weight of Dry Soil (g) | 30.80| 33.60| 36.40| 29.40| 39.90| 39.90| 56.30| 51.30| 43.50| 49.70
Moisture Content (g) 7.14| 7.44| 10.71| 10.54| 13.28| 14.04| 16.34| 16.96| 17.24| 17.91
Ave. Moisture Content (g) 7.29 10.63 13.66 16.65 17.57
Dry Density (g/cm3) 1.6617 1.8452 1.9050 1.7854 1.7605

Dry Density (g/cm 3)

1.9117

1.8617

1.8117

1.7617

17117

1.6617

MDD : 1.9125 g/cm3
OMC :12.91 %

Fig.A18 Graph of compaction for 85% river sand (BSL)

12
Moisture Content (%)

Test executed by:
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Appendix A19

Table A19 Compaction test result for 90% river sand (BSL)

Project : 90% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 em3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6417 6538 6793 6809 6765
Weight of Wet Soil (g) 1,615.00 1,736.00 1,991.00 2,007.00 1,963.00
Wet Density (g/cm3) 1.71 1.84 2.11 2.13 2.08
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 240| 234| 27.8| 242| 226| 25.0| 244 230 23.7| 248
Weight of Can + Wet Soil (g) 548| 59.6/ 614 602 620 62.7| 74.1| 73.6| 86.3| 86.7
Weight of Can + Dry Soil (g) | 53.0| 57.7| 58.8| 57.5| 58.2| 58.7| 67.6| 668 77.0| 77.7
Weight of Water (g) 1.80| 190 260| 2.70| 3.80] 4.00/ 6.50| 6.80| 930 9.00
Weight of Dry Soil (g) | 29.00| 34.30| 31.00| 33.30| 35.60| 33.70| 43.20| 43.80| 53.30| 52.90
Moisture Content (g) 6.21| 5.54| 839 8.11| 10.67| 11.87| 15.05| 15.53| 17.45| 17.01
Ave. Moisture Content (g) 5.87 8.25 11.27 15.29 17.23
Dry Density (g/em3) 1.6159 1.6989 1.8955 1.8442 1.7738
Dry Density (g/cm 3)
19105
1.8605
1.8105
1.7605
1.7105
1.6605
1.6105
6 1 16
Moisture Content (%)
MDD : 1.9218 g/cm3
OMC : 12.64 %
Test executed by:

Fig.A19 Graph of compaction for 90% river sand (BSL)
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Appendix A20

Table A20 Compaction test result for 95% river sand (BSL)

Project : 95% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4830 4830 4830 4830 4830
Weight of Mold+Wet Soil (g) 6413 6557 6730 6907 6841
Weight of Wet Soil (g) 1,583.00 1,727.00 1,900.00 2,077.00 2,011.00
Wet Density (g/cm3) 1.68 1.83 2.01 2.20 2.13
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 25.3| 23.5| 249| 242| 247| 232| 234| 240| 248/ 291
Weight of Can + Wet Soil (g) | 52.6| 53.8| 60.0| 53.4| 61.2| 579| 639 63.8) 75.1| 758
Weight of Can + Dry Soil (g) | 51.4| 525| 57.7| 514| 58.1| 55.0| 59.8| 59.6| 684| 69.6
Weight of Water (g) 120 1.30{ 2.30| 2.00| 3.10/ 290/ 4.10| 4.20| 6.70| 6.20
Weight of Dry Soil (g) | 26.10] 29.00| 32.80| 27.20| 33.40| 31.80| 36.40| 35.60| 43.60| 40.50
Moisture Content (g) | 4.60| 4.48 7.01| 7.35| 928 9.12| 11.26| 11.80| 15.37| 1531
Ave. Moisture Content (g) 4.54 7.18 9.20 11.53 15.34
Dry Density (g/cm3) 1.6041 1.7069 1.8431 1.9727 1.8470
Dry Density (g/cm 3)
2.0041
1.9541
1.9041
1.8541
1.8041
1.7541
1.7041
1.6541
1.6041
5 10 15
Moisture Content (%)
MDD : 1.9951 g/cm3
OMC :12.73 %
Test executed by:

Fig.A20 Graph of compaction for 95% river sand (BSL)
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Appendix A21

Table A21 Compaction test result for 100% river sand (BSL)

Project : 100% BSL Laterite/River sand
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 5/12/2011
Sample Description :
Weight of Mold (g) 4802 4802 4802 4802 4802
Weight of Mold+Wet Soil (g) 6440 6649 6839 6809 6788
Weight of Wet Soil (g) 1,638.00 1,847.00 2,037.00 2,007.00 1,986.00
Wet Density (g/cm3) 1.74 1.96 2.16 2.13 2.10
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 22.1| 23.4| 233 244| 238 24.8| 245 246| 251| 243
Weight of Can + Wet Soil (g) 56.5| 57.5| 60.4| 62.0| 68.7| 68.6| 75.7| 79.8/ 77.8| 80.1
Weight of Can+ Dry Soil (g) | 54.2| 55.4| 57.1| 587| 639| 63.8| 688| 725/ 703| 723
Weight of Water (g) 230 2.10 3.30| 3.30| 4.80| 480 6.90| 7.30| 7.50| 7.80
Weight of Dry Soil (g) | 32.10{ 32.00| 33.80| 34.30| 40.10| 39.00| 44.30| 47.90| 45.20| 48.00
Moisture Content (g) 7.17) 6.56| 9.76| 9.62| 11.97| 12.31| 15.58| 15.24| 16.59| 16.25
Ave. Moisture Content (g) 6.86 9.69 12.14 15.41 16.42
Dry Density (g/cm3) 1.6237 1.7837 1.9243 1.8422 1.8071
Dry Density (g/em 3)
1.9222
1.8722
1.8222
1.7722
1.7222
16722
1.6222
7 12 17
Moisture Content (%)
MDD : 1.9301 g/cm3
OMC :12.72%
Test executed by:

Fig.A21 Graph of Compaction for100% river sand(BSL)
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Appendix A22

Table A22 Compaction test result for 0% river sand (WAS)

Project : 0% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6490 6734 6813 6762 6662
Weight of Wet Soil (g) 1,675.00 1,919.00 1,998.00 1,947.00 1,847.00
Wet Density (g/cm3) 1.77 2.03 2.12 2.06 1.96
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 24.5| 25.0| 24.7| 249| 24.6| 23.4| 245 234| 238| 245
Weight of Can + Wet Soil (g) | 41.1| 42.8| 463| 46.1| 52.7| 50.4| 47.5| 454| 524| 593
Weight of Can + Dry Soil (g) 39.7| 41.3| 438| 43.7| 485| 46.4| 439| 418 470| 528
Weight of Water (g) 1.40| 150, 2.50| 240 420 400 360 3.60| 5.40| 6.50
Weight of Dry Soil (g) | 15.20{ 16.30| 19.10| 18.80| 23.90| 23.00| 19.40| 18.40| 23.20| 28.30
Moisture Content (g) 9.21| 9.20| 13.09| 12.77| 17.57| 17.39| 18.56| 19.57| 23.28| 22.97
Ave. Moisture Content (g) 9.21 12.93 17.48 19.06 23.12
Dry Density (g/cm3) 1.6248 1.8001 1.8016 1.7323 1.5891

Dry Density (g/cm 3)

1.8383

1.7883

1.7383

1.6383

1.5883

MDD : 1.8438 g/cm3
OMC:1522%

14

Moisture Content (%)

19

24

Test executed by:
Fig.A22 Graph of compaction for 0% river sand (WAS)
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Appendix A23

Table A23 Compaction test result for 5% river sand (WAS)

Project : 5% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4815 4815 4815 4815 4815
Weight of Mold+Wet Soil (g) 6533 6714 6840 6811 6725
Weight of Wet Soil (g) 1,718.00 1,899.00 2,025.00 1,996.00 1,910.00
Wet Density (g/cm3) 1.82 2.01 2.15 2.11 2.02
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 24.2| 26.1| 30.1| 27.8| 22.2| 25.8| 294| 23.0| 233| 99
Weight of Can + Wet Soil (g) | 52.0| 43.3| 50.6| 49.2| 41.8| 46.4| 59.0| 54.0/ 50.8| 40.0
Weight of Can+ Dry Soil (g) | 49.5| 41.8| 485| 47.0| 39.5| 44.0| 54.6| 49.7| 463| 349
Weight of Water (g) | 2.50| 1.50{ 2.10| 2.20| 2.30| 2.40| 4.40| 4.30| 4.50| 5.10
Weight of Dry Soil (g) | 25.30| 15.70| 18.40| 19.20| 17.30| 18.20| 25.20| 26.70| 23.00| 25.00
Moisture Content (g) 9.88| 9.55| 11.41| 11.46| 13.29| 13.19| 17.46| 16.10| 19.57| 20.40
Ave. Moisture Content (g) 9.72 11.44 13.24 16.78 19.98
Dry Density (g/cm3) 1.6587 1.8052 1.8943 1.8106 1.6863

Dry Density (g/cm 3)
1.9087

1.8587

1.8087

1.7587

1.7087

1.6587

10

MDD : 1.9037 g/cm3
OMC : 14.03 %

Moisture Content (%)

15

Test executed by:

Fig.A23 Graph of compaction for 5% river sand (WAS)
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Appendix A24

Table A24 Compaction test result for 10% river sand (WAS)

Project : 10% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 291111
Sample Description :
Weight of Mold (g) 4850 4850 4850 4850 4850
Weight of Mold+Wet Soil (g) 6648 6880 6880 6819 6744
Weight of Wet Soil (g) 1,798.00 2,030.00 2,030.00 1,969.00 1,894.00
Wet Density (g/cm3) 1.90 2.15 2.15 2.09 2.01
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 19.7| 243| 220 21.9| 293| 10.0 99| 98| 247 246
Weight of Can + Wet Soil (g) 38.0| 425| 454| 442| 559| 404| 416| 41.0( 56.6| 60.5
Weight of Can + Dry Soil (g) | 36.3| 41.0| 42.7| 41.5| 524| 362| 36.7| 36.2| 51.1| 543
Weight of Water (g) 1.70| 1.50, 2.70| 2.70| 3.50| 4.20 4.90| 4.80| 5.50| 6.20
Weight of Dry Soil (g) | 16.60| 16.70| 20.70| 19.60| 23.10| 26.20| 26.80| 26.40| 26.40| 29.70
Moisture Content (g) | 10.24| 8.98| 13.04| 13.78| 15.15| 16.03| 18.28| 18.18| 20.83| 20.88
Ave. Moisture Content (g) 9.61 13.41 15.59 18.23 20.85
Dry Density (g/cm3) 1.7376 1.8962 1.8604 1.7642 1.6601

Drv Density (g/cm 3)

1.8102

1.7602

1.7102

1.6602
10

MDD : 1.8962 g/em3
OMC : 1334 %

Fig.A24 Graph of compaction for 10% river sand (WAS)

15

Moisture Content (%)

20

Test executed by:
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Appendix A25

Table A25 Compaction test result for 15% river sand (WAS)

Project : 15% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4850 4850 4850 4850 4850
Weight of Mold+Wet Soil (g) 6609 6813 6892 6825 6792
Weight of Wet Soil (g) 1,759.00 1,963.00 2,042.00 1,975.00 1,942.00
Wet Density (g/cm3) 1.86 2.08 2.16 2.09 2.06
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 27.4| 23.5| 24.6| 24.8| 248| 234| 245| 244| 246| 247
Weight of Can + Wet Soil (g) | 47.0| 50.2| 483| 54.5| 540| 62.2| 563| 55.5| S51.1| 693
Weight of Can + Dry Soil (g) | 45.5| 47.9| 458| 51.6| 503| 57.3| S51.7| 51.0| 46.8| 62.0
Weight of Water (g) 1.50| 2.30] 2.50| 290| 3.70| 4.90| 4.60| 4.50| 4.30| 7.30
Weight of Dry Soil (g) | 18.10| 24.40| 21.20| 26.80| 25.50| 33.90| 27.20| 26.60| 22.20| 37.30
Moisture Content (g) | 8.29| 9.43| 11.79| 10.82| 14.51| 14.45| 16.91| 16.92| 19.37| 19.57
Ave. Moisture Content (g) 8.86 11.31 14.48 16.91 19.47
Dry Density (g/cm3) 1.7117 1.8682 1.8895 1.7895 1.7219
Dry Density (g/cm 3)
19117
1.8617
1.8117
1.7617
17117
9 14 19
Moisture Content (%)
MDD : 1.9079 g/cm3
OMC :13.17%
Test executed by:

Fig.A25 Graph of compaction for 15% river sand (WAS)
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Appendix A26

Table A26 Compaction test result for 20% river sand (WAS)

Project : 20% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4847 4847 4847 4847 4847
Weight of Mold+Wet Soil (g) 6647 6836 6915 6865 6810
Weight of Wet Soil (g) 1,800.00 1,989.00 2,068.00 2,018.00 1,963.00
Wet Density (g/cm3) 1.91 211 2.19 2.14 2.08
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 22.0| 243| 19.7| 21.9| 10.0 99| 294| 246| 248| 246
Weight of Can + Wet Soil (g) | 43.6| 50.0| 40.5| 529| 42.1| 419| 64.0| 58.6| 653 57.9
Weight of Can + Dry Soil (g) | 41.8| 47.9| 38.5| 50.0| 384| 380| 59.5| 54.0| 59.3| 52.1
Weight of Water (g) 1.80| 2.10| 200 290 3.70| 390, 450 460 6.00| 5.80
Weight of Dry Soil (g) | 19.80| 23.60| 18.80| 28.10| 28.40| 28.10| 30.10| 29.40| 34.50| 27.50
Moisture Content (g) | 9.09| 8.90| 10.64| 10.32| 13.03| 13.88| 14.95| 15.65| 17.39| 21.09
Ave. Moisture Content (g) 8.99 10.48 13.45 1530 19.24
Dry Density (g/cm3) 1.7494 1.9071 1.9309 1.8541 1.7439

Dry Density (g/em 3)

1.9431

1.8931

1.8431

1.7931

1.7431

MDD : 1.9549 g/cm3
OMC : 12.09 %

14
Moisture Content (%)

19

Test executed by:

Fig.A26 Graph of compaction for 20% river sand (WAS)
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Appendix A27

Table A27 Compaction test result for 25% river sand (WAS)

Project : 25% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 ecm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4847 4847 4847 4847 4847
Weight of Mold+Wet Soil (g) 6650 6852 6918 6860 6813
Weight of Wet Soil (g) 1,803.00 2,005.00 2,071.00 2,013.00 1,966.00
Wet Density (g/cm3) 1.91 2.12 2.19 2.13 2.08
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) | 24.8| 24.7| 249| 24.6| 24.5| 245| 273| 234| 236 9.7
Weight of Can + Wet Soil (g) | 51.8| 48.8| 63.9| 64.4| 61.0| 514| 676| 634| 69.6| 509
Weight of Can + Dry Soil (g) | 49.7| 47.0| 60.0| 60.5| 56.4| 483| 62.3| 58.0| 62.5| 448
Weight of Water (g) 2.10| 1.80] 3.90| 390 460 3.10/ 5.30| 5.40| 7.10| 6.10
Weight of Dry Soil (g) | 24.90| 22.30| 35.10| 35.90| 31.90| 23.80| 35.00| 34.60| 38.90| 35.10
Moisture Content (g) | 8.43| 8.07| 11.11| 10.86| 14.42| 13.03| 15.14| 15.61| 18.25| 17.38
Ave. Moisture Content (g) 8.25 10.99 13.72 1537 17.82
Dry Density (g/cm3) 1.7644 1.9137 1.9291 1.8482 1.7677
Dry Density (g/cm 3)
1.9144
1.8644
1.8144
1.7644
8 13 18
Moisture Content (%)
MDD : 1.9495 g/cm3
OMC : 12.55 %
Test executed by:

Fig.A27 Graph of compaction for 25% river sand (WAS)
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Appendix A28

Table A28 Compaction test result for 30% river sand (WAS)

Project : 30% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/1V/11
Sample Description :
Weight of Mold (g) 4847 4847 4847 4847 4847
Weight of Mold+Wet Soil (g) 6695 6838 6933 6887 6799
Weight of Wet Soil (g) 1.848.00 1,991.00 2,086.00 2,040.00 1,952.00
Wet Density (g/cm3) 1.96 2.11 2.21 2.16 2.07
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 24.5| 24.2| 23.2| 246| 24.8| 24.6| 249| 241| 245| 247
Weight of Can + Wet Soil (g) | 55.9| 51.9| 53.0| 50.2| 56.7| 57.9| 62.5| 57.3| 67.8| 61.7
Weight of Can + Dry Soil (g) | 53.6| 49.7| 50.0| 47.6| 53.1| 544| 57.5| 528 613| 56.0
Weight of Water (g) | 2.30| 2.20| 3.00| 2.60| 3.60| 3.50| 5.00| 4.50| 6.50| 5.70
Weight of Dry Soil (g) | 29.10| 25.50| 26.80| 23.00| 28.30| 29.80| 32.60| 28.70| 36.80| 31.30
Moisture Content (g) | 7.90| 8.63| 11.19| 11.30| 12.72| 11.74| 15.34| 15.68| 17.66| 18.21
Ave. Moisture Content (g) 8.27 11.25 12.23 15.51 17.94
Dry Density (g/cm3) 1.8082 1.8958 1.9689 1.8709 1.7533
Dry Density (g/em 3)
1.9886
1.9386
1.8886
1.8386
1.7886
1.7386
8 13 18
Moisture Content (%)
MDD : 1.9981 g/cm3
OMC :13.26 %
Test executed by:

Fig.A28 Graph of compaction for 30% river sand (WAS)
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Appendix A29

Table A29 Compaction test result for 35% river sand (WAS)

Project : 35% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 ecm3  Date: 29/1V11
Sample Description :
Weight of Mold (g) 4847 4847 4847 4847 4847
Weight of Mold+Wet Soil (g) 6640 6838 6925 6848 6780
Weight of Wet Soil (g) 1,793.00 1,991.00 2,078.00 2,001.00 1,933.00
Wet Density (g/cm3) 1.90 2.11 2.20 2.12 2.05
Can Number 1 2 3 4 > 6 7 8 9 10
Weight of Can (g) 247\ 25.0| 25.0| 232 252| 23.6| 281| 244| 246| 234
Weight of Can + Wet Soil (g) 51.8| 45.8| 67.0| 53.4| 587| 59.5| 67.7| 624 759| 654
Weight of Can + Dry Soil (g) | 49.7| 44.1| 62.9| 504| 548 55.5| 62.5| 57.5| 67.9| 58.1
Weight of Water (g) 2,10 1.70| 4.10/ 3.00|{ 3.90| 4.00, 5.20| 490 8.00| 7.30
Weight of Dry Soil (g) | 25.00| 19.10| 37.90| 27.20| 29.60| 31.90| 34.40| 33.10| 43.30| 34.70
Moisture Content (g) 8.40| 890 10.82| 11.03| 13.18| 12.54| 15.12| 14.80| 18.48| 21.04
Ave. Moisture Content (g) 8.65 10.92 12.86 14.96 19.76
Dry Density (g/cm3) 1.7481 1.9014 1.9505 1.8439 1.7099

Dry Density (g/cm 3)

1.9492
1.8992
1.8492
1.7992
1.7492
1.6992
1.6492

1.5992

MDD : 1.9521 g/em3
OMC :12.58 %

14
Moisture Content (%)

19

Test executed by:
Fig.A29 Graph of compaction for 35% river sand (WAS)
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Appendix A30

Table A30 Compaction test result for 40% river sand (WAS)

Project : 40% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 291111
Sample Description :
Weight of Mold (g) 4845 4845 4845 4845 4845
Weight of Mold+Wet Soil (g) 6515 6738 6884 6924 6817
Weight of Wet Soil (g) 1,670.00 1,893.00 2,039.00 2,079.00 1,972.00
Wet Density (g/cm3) 1.77 2.01 2.16 2.20 2.09
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 220\ 243| 219| 19.7| 159| 199| 19.1| 22.1| 183| 216
Weight of Can + Wet Soil (g) 55.0{ 49.1| 514| 57.1| 425| 524 610 545| 59.1| 71.8
Weight of Can + Dry Soil (g) 52.7| 47.4| 49.0| 53.9| 39.8| 49.1| 559| S50.7| 53.2| 644
Weight of Water (g) 230 1.70| 240 3.20| 270 3.30| S5.10f 3.80| 590| 740
Weight of Dry Soil (g) | 30.70| 23.10| 27.10| 34.20| 23.90| 29.20| 36.80| 28.60| 34.90| 42.80
Moisture Content (g) 749 736/ 8.86| 9.36| 11.30| 11.30| 13.86| 13.29| 16.91| 17.29
Ave. Moisture Content (g) 7.43 9.11 11.30 13.57 17.10
Dry Density (g/cm3) 1.6468 1.8379 1.9407 1.9391 1.7840
Dry Density (g/em 3)
1.9468
1.8968
1.8468
1.7968
1.7468
16968
1.6468
7 12 17
Moisture Content (%)
MDD : 1.9506 g/cm3
OMC :12.36 %
Test executed by:

Fig.A30 Graph of compaction for 40% river sand (WAS)
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Appendix A31

Table A31 Compaction test result for 45% river sand (WAS)

Project : 45% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/1V/11
Sample Description :
Weight of Mold (g) 4845 4845 4845 4845 4845
Weight of Mold+Wet Soil (g) 6523 6795 6933 6922 6840
Weight of Wet Soil (g) 1,678.00 1,950.00 2,088.00 2,077.00 1,995.00
Wet Density (g/cm3) 1.78 2.07 221 2.20 211
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 22.2( 22.0| 224 200 185| 226| 258 27.8| 27.6| 302
Weight of Can + Wet Soil (g) | 41.8| 52.2| 59.8| 529| 42.6| 57.0| 63.6|] 648 759| 751
Weight of Can + Dry Soil (g) | 40.6| 50.1| 56.5| 49.9| 403| 534| 59.2| 60.5| 69.3] 69.1
Weight of Water (g) 1.20| 2.10| 3.30| 3.00{ 230/ 3.60 440 430 6.60| 6.00
Weight of Dry Soil (g) | 18.40| 28.10| 34.10| 29.90| 21.80| 30.80| 33.40| 32.70| 41.70| 38.90
Moisture Content (g) 6.52| 7.47| 9.68| 10.03| 10.55| 11.69| 13.17| 13.15| 15.83| 15.42
Ave. Moisture Content (g) 7.00 9.86 11.12 13.16 15.63
Dry Density (g/cm3) 1.6613 1.8804 1.9905 1.9443 1.8277

Dry Density (g/em 3)
1.9920
1.9420
1.8920
1.8420
1.7920
1.7420
16920
16420

MDD : 2.0058 g/cm3
OMC :11.77 %

Fig.A31 Graph of compaction for 45% river sand (WAS)

12
Moisture Content (%)

Test executed by:
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Appendix A32

Table A32 Compaction test result for 50% river sand (WAS)

Project : 50% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/1V/11
Sample Description :
Weight of Mold (g) 4845 4845 4845 4845 4845
Weight of Mold+Wet Soil (g) 6561 6741 6904 6917 6838
Weight of Wet Soil (g) 1,716.00 1,896.00 2,059.00 2,072.00 1,993.00
Wet Density (g/cm3) 1.82 2.01 2.18 2.19 2.11
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 24.2| 223| 26.1| 244| 294| 233| 23.1| 250| 239| 246
Weight of Can+ Wet Soil (g) | 55.9| 69.0| 54.8| 57.8/ 61.3| 56.0/ 63.3| 62.0| 71.2| 785
Weight of Can + Dry Soil (g) | 53.7| 65.9| 52.4| 549| 58.0| 526| 58.6| 57.8| 64.7| 713
Weight of Water (g) 2.20| 3.10 240 290| 3.30/ 340, 4.70| 4.20| 6.50| 7.20
Weight of Dry Soil (g) | 29.50| 43.60| 26.30| 30.50| 28.60| 29.30| 35.50| 32.80| 40.80| 46.70
Moisture Content (g) | 7.46| 7.11| 9.13| 9.51| 11.54| 11.60| 13.24| 12.80| 15.93| 15.42
Ave. Moisture Content (g) 7.28 9.32 11.57 13.02 15.67
Dry Density (g/cm3) 1.6944 1.8373 1.9549 1.9420 1.8251
Dry Density (g/cm 3)
1.9444
1.8944
1.8444
1.7944
1.7444
1.6944
7 12
Moisture Content (%)
MDD : 1.9586 g/cm3
OMC :12.02 %
Test executed by:

Fig.A32 Graph of compaction for 50% river sand (WAS)
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Appendix A33

Table A33 Compaction test result for 55% river sand (WAS)

*'s Project : 55% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/1V/11
Sample Description :
Weight of Mold (g) 4798 4798 4798 4798 4798
Weight of Mold+Wet Soil (g) 6563 6685 6830 6880 6825
Weight of Wet Soil (g) 1,765.00 1,887.00 2,032.00 2,082.00 2,027.00
Wet Density (g/cm3) 1.87 2.00 2.15 221 2.15
| Can Number 1 2 3 4 5 6 7 8 9 10
| Weight of Can(g) | 22.1| 21.9| 22.2| 225| 21.6| 221| 22.0| 243] 197| 199
Weight of Can + Wet Soil (g) | 51.1| 47.8| 483| 56.2| 56.8| 51.0|/ 549 59.8| 61.1| 70.5
Weight of Can + Dry Soil (g) | 49.1| 459| 463| 53.5| 53.5| 482| 513| 559| 559| 640
Weight of Water (g) | 2.00] 1.90| 2.00| 2.70| 3.30, 2.80| 3.60| 3.90| 5.20| 6.50
Weight of Dry Soil (g) | 27.00| 24.00| 24.10| 31.00| 31.90| 26.10| 29.30| 31.60| 36.20| 44.10
Moisture Content (g) | 7.41| 7.92| 830 8.71| 10.34| 10.73| 12.29| 12.34| 14.36| 14.74
Ave. Moisture Content (g) 7.66 8.50 10.54 1231 14.55
Dry Density (g/cm3) 1.7366 1.8423 1.9474 1.9637 1.8745
] Dry Density (g/cm 3)

1.9366

1.8866

1.8366

1.7866

1.7366

Moisture Content (%)

MDD : 1.9643 g/cm3
OMC : 12.05 %

Test executed by:

Fig.A33 Graph of compaction for 55% river sand (WAS)




Appendix A34

Table A34 Compaction test result for 60% river sand (WAS)

Project : 60% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4798 4798 4798 4798 4798
Weight of Mold+Wet Soil (g) 6528 6674 6837 6888 6802
Weight of Wet Soil (g) 1,730.00 1,876.00 2,039.00 2,090.00 2,004.00
Wet Density (g/cm3) 1.83 1.99 2.16 2.21 2.12
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 19.9| 18.2| 15.9| 185 19.0| 23.1| 226| 302| 27.8| 276
Weight of Can + Wet Soil (g) | 52.5| 47.5| 37.8| 47.4| 452| 57.2| 522| 61.3| 655 64.1
Weight of Can + Dry Soil (g) | 50.3| 45.6| 36.0| 45.1| 42.7| 53.9| 488| 57.8| 60.5| 593
Weight of Water (g) 220 190| 1.80| 230| 250/ 3.30| 3.40| 3.50| 500 4.80
Weight of Dry Soil (g) | 30.40| 27.40| 20.10| 26.60| 23.70| 30.80| 26.20| 27.60| 32.70| 31.70
Moisture Content (g) 7.24| 6.93| 896| 8.65| 10.55| 10.71| 12.98| 12.68| 15.29| 15.14
Ave. Moisture Content (g) 7.09 8.80 10.63 12.83 15.22
Dry Density (g/cm3) 1.7114 1.8265 1.9524 1.9622 1.8425
Dry Density (g/cm 3)
1.9614
19114
18614
1.8114
1.7614
1.7114
7 12
Moisture Content (%)
MDD : 1.9799 g/cm3
OMC:11.84 %
Test executed by:

Fig.A34 Graph of compaction for 60% river sand (WAS)
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Appendix A35

Table A35 Compaction test result for 65% river sand (WAS)

Project : 65% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4798 4798 4798 4798 4798
Weight of Mold+Wet Soil (g) 6534 6712 6878 6864 6814
Weight of Wet Soil (g) 1,736.00 1,914.00 2,080.00 2,066.00 2,016.00
Wet Density (g/cm3) 1.84 2.03 2.20 2.19 2.14
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 242 26.1| 222 25.8| 294| 243| 233 9.8| 10.1 9.7
Weight of Can + Wet Soil (g) 59.4| 622 523| 546 61.7| 63.9| 61.1| 47.3| 563| 458
Weight of Can + Dry Soil (g) 57.0|1 59.9| 49.7| 52.2| 583| 599| 56.6| 428| 503| 41.1
Weight of Water (g) 240 230/ 2.60| 240| 3.40| 400 450 450 6.00| 4.70
Weight of Dry Soil (g) | 32.80| 33.80| 27.50| 26.40| 28.90| 35.60| 33.30| 33.00| 40.20| 31.40
Moisture Content (g) 7.32| 6.80] 945| 9.09| 11.76| 11.24| 13.51| 13.64| 14.93| 14.97
Ave. Moisture Content (g) 7.06 9.27 11.50 13.57 14.95
Dry Density (g/cm3) 1.7177 1.8555 1.9761 1.9270 1.8579
% Dry Density (g/cm 3)
1.9677
19177
1.8677
1.8177
1.7677
1.7177

Moisture Content (%)

MDD : 1.9786 g/cm3
OMC:11.85%

Test executed by:
Fig.A35 Graph of compaction for 65% river sand (WAS)
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Appendix A36

Table A36 Compaction test result for 70% river sand (WAS)

Project : 70% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6515 6679 6823 6904 6850
Weight of Wet Soil (g) 1,718.00 1,882.00 2,026.00 2,107.00 2,053.00
Wet Density (g/cm3) 1.82 1.99 2.15 2.23 2.17
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 220 222| 196 199 19.1| 21.6| 18.3| 22.1| 15.9| 185
Weight of Can + Wet Soil (g) 45.4| 51.6| 54.1| 445| 469| 47.7| 541| 51.0| 539 544
Weight of Can + Dry Soil (g) | 44.2| 50.0| 51.6| 42.8| 44.7| 456| 50.5| 482| 49.6| 503
Weight of Water (g) 120 1.60| 2.50| 1.70| 220 2.10| 3.60| 280 4.30| 4.10
Weight of Dry Soil (g) | 22.20| 27.80| 32.00| 22.90| 25.60| 24.00| 32.20| 26.10| 33.70| 31.80
Moisture Content (g) 541| 5.76| 7.81| 7.42| 8.59| 8.75| 11.18| 10.73| 12.76| 12.89
Ave. Moisture Content (g) 5.58 7.62 8.67 10.95 12.83
Dry Density (g/cm3) 1.7237 1.8525 1.9749 2.0116 1.9276

Dry Density (g/cm 3)

2.0082
1.9582
1.9082 :
1.8582
1.8082
1.7582

1.7082

MDD : 2.0392 g/cm3
OMC : 10.01 %

Moisture Content (%)

Test

executed by:

1

Fig.A36 Graph of compaction for 70% river sand (WAS)
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Appendix A37

Table A37 Compaction test result for 75% river sand (WAS)

Project :  75% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6475 6646 6839 6915 6870
Weight of Wet Soil (g) 1,678.00 1,849.00 2,042.00 2,118.00 2,073.00
Wet Density (g/cm3) 1.78 1.96 2.16 2.24 2.20
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 220| 219 19.8| 243| 243 22.6| 29.4| 27.8| 233 222
Weight of Can + Wet Soil (g) 47.8| 49.5| 49.0| 55.7| 55.5| 56.8| 53.0/ 51.0{ 613| 67.6
Weight of Can + Dry Soil (g) 46.5| 48.2| 47.0| 53.6| 53.0/ 54.0/ 50.8| 49.0) 57.3| 62.7
Weight of Water () | 1.30| 130| 200| 2.10] 250 2.80 220 200{ 400 4.90
Weight of Dry Soil (g) | 24.50) 26.30| 27.20| 29.30| 28.70| 31.40| 21.40| 21.20| 34.00| 40.50
Moisture Content (g) 531| 494 735| 7.17| 8.71] 8.92| 10.28| 9.43| 11.76| 12.10
Ave. Moisture Content (g) 332 7.26 8.81 9.86 11.93
Dry Density (g/cm3) 1.6909 1.8261 1.9879 2.0423 1.9619
Dry Density (g/em 3)
20359
1.9859
1.9359
1.8859
1.8359
1.7859
1.7359
1.6859

MDD : 2.0463 g/cm3
OMC :10.22 %

Fig.A37 Graph of compaction for 75% river sand (WAS)

Moisture Content (%)

Test executed by:
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Appendix A38

Table A38 Compaction test result for 80% river sand (WAS)

Project : 80% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 291111
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6509 6665 6827 6897 6865
Weight of Wet Soil (g) 1,712.00 1,868.00 2,030.00 2,100.00 2,068.00
Wet Density (g/cm3) 1.81 1.98 2.15 222 2.19
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 242 232 302| 25.8| 276 225| 26.1| 10.0 9.8 9.8
Weight of Can+ Wet Soil (g) | 59.9| 49.7| 67.9| 54.7| 57.8| 632| 644| 466 47.0| 492
Weight of Can+ Dry Soil (g) | 58.0| 48.3| 65.5| 52.7| 55.3| 59.8| 60.8| 433| 429| 449
Weight of Water (g) 1.90| 1.40| 2.40| 200 250 340/ 3.60| 330 4.10| 430
Weight of Dry Soil (g) | 33.80| 25.10| 35.30| 26.90| 27.70| 37.30| 34.70| 33.30| 33.10| 35.10
Moisture Content (g) 5.62| 5.58| 6.80| 7.43| 9.03| 9.12| 10.37| 991 1239| 12.25
Ave. Moisture Content (g) 5.60 7.12 9.07 10.14 12.32
Dry Density (g/cm3) 1.7174 1.8473 1.9716 2.0197 1.9504
Dry Density (g/cm 3)
20174
1.9674
1.9174
1.8674
1.8174
1.7674
17174
6 11
Moisture Content (%)
MDD : 2.0314 g/cm3
OMC :10.84 %
Test executed by:

Fig.A38 Graph of compaction for 80% river sand (WAS)
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Appendix A39

Table A39 Compaction test result for 85% river sand (WAS)

Project : 85% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 em3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6513 6662 6829 6939 6907
Weight of Wet Soil (g) 1,716.00 1,865.00 2,032.00 2,142.00 2,110.00
Wet Density (g/cm3) 1.82 1.98 2.15 227 224
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can(g) | 20.0| 19.9| 21.6| 15.9| 22.0( 21.8| 22.1| 243| 224| 220
Weight of Can + Wet Soil (g) | 46.9| 469| 49.4| 528| 67.5| 61.5| 53.6| 59.5| 585| 57.6
Weight of Can + Dry Soil (g) | 45.7| 45.5| 47.6| 50.4| 63.8| 583| 50.6| 56.1| 54.6| 53.9
Weight of Water (g) 1.20| 1.40| 1.80| 240 3.70| 3.20| 3.00| 3.40| 3.90( 3.70
Weight of Dry Soil (g) | 25.70| 25.60| 26.00| 34.50| 41.80| 36.50| 28.50| 31.80| 32.20| 31.90
Moisture Content (g) | 4.67| 5.47| 6.92| 696| 8.85 8.77| 10.53| 10.69| 12.11| 11.60
Ave. Moisture Content (g) 5.07 6.94 8.81 10.61 11.86
Dry Density (g/cm3) 1.7301 1.8474 1.9783 2.0514 1.9983

Dry Density (g/em 3)

2.0301

1.9801

1.9301

1.8801

1.8301

1.7801

1.7301

MDD : 2.0515 g/cm3
OMC : 10.66 %

Fig.A39 Graph of compaction for 85% river sand (WAS)

Moisture Content (%)

Test executed by:
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Appendix A40
Table A40 Compaction test result for 90% river sand (WAS)
Project : 90% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6538 6683 6832 6931 6867
Weight of Wet Soil (g) 1,741.00 1,886.00 2,035.00 2,134.00 2,070.00
Wet Density (g/cm3) 1.84 2.00 2.16 2.26 2.19
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 18.3| 19.7| 22.0f 19.1| 185 9.9 9.8] 10.0| 222( 242
Weight of Can + Wet Soil (g) 52.5| 49.2| 579| 55.1| 51.0| 486| 429| 435| 624| 678
Weight of Can + Dry Soil (g) 50.7| 47.7| 55.5| 52.8| 484| 455| 39.8| 403| 579 629
Weight of Water (g) 1.80| 1.50| 2.40| 230 260| 3.10/ 3.10| 3.20| 4.50| 4.90
Weight of Dry Soil (g) | 32.40| 28.00| 33.50| 33.70| 29.90| 35.60| 30.00| 30.30| 35.70| 38.70
Moisture Content (g) 5.56| 536| 7.16| 6.82| 8.70| 8.71| 10.33| 10.56| 12.61| 12.66
Ave. Moisture Content (g) 5.46 6.99 8.70 10.45 12.63
Dry Density (g/cm3) 1.7489 1.8673 1.9832 2.0468 1.9468
Dry Density (g/em 3)
L
20489
1.9989
1.9489
1.8989
1.8489
1.7989
1.7489
5 10
Moisture Content (%)
MDD : 2.0479 g/cm3
OMC : 10.68 %
Test executed by:
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Fig.A40 Graph of compaction for 90% river sand (WAS)
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' Appendix A4l

oy Table A41 Compaction test result for 95% river sand (WAS)
Project : 95% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 29/11/11
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6582 6753 6891 6902 6850
Weight of Wet Soil (g) 1,785.00 1,956.00 2,094.00 2,105.00 2,053.00
Wet Density (g/cm3) 1.89 2.07 222 223 2.17

Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 19.7| 22.5| 22.2| 182| 220| 21.9| 21.6| 19.9 9.8 10.0
Weight of Can + Wet Soil (g) | 46.7| 59.2| 45.5| 56.1| 51.5| 51.0/ 57.3| 50.6| 47.6| 585
Weight of Can + Dry Soil (g) | 45.0| 56.8| 43.6| 53.1| 489| 484| 532| 47.1| 42.8| 524
Weight of Water (g) 1.70| 240 1.90| 3.00/ 260/ 2.60| 4.10|{ 3.50| 4.80| 6.10
Weight of Dry Soil (g) | 25.30 34.30| 21.40| 34.90| 26.90| 26.50| 31.60| 27.20| 33.00| 42.40
Moisture Content (g) | 6.72| 7.00| 8.88| 8.60| 9.67| 9.81| 12.97| 12.87| 14.55| 14.39

Ave. Moisture Content (g) 6.86 8.74 9.74 12.92 14.47
Dry Density (g/cm3) 1.7695 1.9055 2.0214 1.9747 1.8999
-
‘t; Dry Density (g/cm 3)
-
2.0637
20137
1.9637
19137
1.8637
1.8137
1.7637
7 12
Moisture Content (%)
MDD : 2.0849 g/em3
OMC :11.03 %
Test executed by:
Fig.A41 Graph of compaction for 95% river sand (WAS)
%
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Appendix A42

Table A42 Compaction test result for 100% river sand (WAS)

Project : 100% WAS laterite/Riversand by Abubakar
Test Location :
Sample no. : Volume of Mold : 944 cm3  Date: 291111
Sample Description :
Weight of Mold (g) 4797 4797 4797 4797 4797
Weight of Mold+Wet Soil (g) 6530 6670 6810 6915 6892
Weight of Wet Soil (g) 1,733.00 1,873.00 2,013.00 2,118.00 2,095.00
Wet Density (g/cm3) 1.84 1.98 2.13 2.24 222
Can Number 1 2 3 4 5 6 7 8 9 10
Weight of Can (g) 223| 19.7| 22,0 220 224| 182 220 9.8 10.0 9.9
Weight of Can + Wet Soil (g) | 49.7| 53.2| 48.1| 52.1| 57.6| 55.8| S58.0| 46.8| 52.6| 50.7
Weight of Can + Dry Soil (g) | 48.3| 51.4| 46.3| 50.1| 54.7| 52.8| 544| 43.1| 47.7| 46.0
Weight of Water (g) 1.40| 1.80|] 1.80| 2.00| 2.90| 3.00, 3.60| 3.70| 4.90| 4.70
Weight of Dry Soil (g) | 26.00{ 31.70| 24.30| 28.10| 32.30| 34.60| 32.40| 33.30| 37.70| 36.10
Moisture Content (g) 5.38/ 568 7.41| 7.12| 898 8.67| 11.11| 11.11| 13.00| 13.02
Ave. Moisture Content (g) 5.53 7.26 8.82 11.11 13.01
Dry Density (g/cm3) 1.7396 1.8498 1.9595 2.0193 1.9638

Dry Density (g/cm 3)

18396

1.8396

1789

MDD : 2.0203 g/em3
OMC : 10.85 %

Moisture Content (%)

Test executed by:
Fig.A42 Graph of compaction for 100% river sand (WAS)
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