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ABSTRACT
	Lateritic soil has found its wide usage as foundation material in highway and other construction activities. It is easily rendered unsuitable with the presence of some salt at considerable concentration. This research is focused on the effect of copper (ii) tetraoxosulphate vi (CuSO4) salt as a soil contaminant on lateritic soil. 
	The lateritic soil sample was collected in the Institute of Technology, Kwara State Polytechnic. The sample was divided into four portions after being properly mixed in the laboratory. The first portion was not contaminated with any salt, it serve as the control (sample A) while the remaining three portions were contaminated with 20g, 24g and 30g of CuSO4 and were labeled B, C and D respectively. The samples were allowed to stand for 7 days before they were subjected to the following laboratory tests particle size analysis, Atterberg limits, British standard compaction, and California Bearing Ratio (CBR) tests. 
	The liquid limit, plastic limit and plastic index of the samples decreased as the rate of concentration of the contaminant “CuSO4” increases, the maximum dry density decreases and the optimum moisture content increase as the rate of contamination of the contaminant increases, so as the California Bearing Ratio values decreases as the rate of the contaminant increases. 
	This indicates that the presence of CuSO4 in highway foundation materials can make them unsuitable for highway construction or can cause pavement failure in existing roads.        
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CHAPTER ONE
1.0 INTRODUCTION
Soil is the cheapest and the most widely used material in Civil Engineering projects as foundation material either in its natural or improved form. It is highly heterogeneous and anisotropic in nature and existing with different engineering properties which can be influenced to some extent by the presence of copper salts under the influence of water (Kadiyali and Lal 2006).
The properties of soil as engineering material depend on its surface electrical charges, chemical composition, shape and size and surface electrical charges. The chemical composition influences to exhibit enormous changes in the engineering properties especially in soil with high content of clay materials (Singh and Singh, 2006).
Laterites are the products of intensive and long-lasting tropical rock weathering which is made by high rainfall and at elevated temperature. They contain hydrated oxides of iron and aluminum which further oxidizes to form insoluble precipitate of fine particles or hard concretionary nodules (Shellmann 2007, IFG, 2008).
	Transportation geo-environmental is a new emerging area that is interdisciplinary in nature. It cut across transportation geotechnical and environmental engineering and aims at analyzing, predicting and solving problems of soil that are affected by environmental factors (Sunil et al, 2006).
	The study of the effects of soluble salts on soil found out that chloride, sulphate and nitrate of sodium increases the permeability of the soil, since there is clear indication that permeability; one of the engineering properties of soil is affected by the presence of the salts, it is pertinent to investigate their effect on the wider properties of the soil (Mc Cool and Millar, 1994).
	The investigation made on the effects of lake salt water on the properties of well graded gravel sand mixed with clay soil. The result indicated that there was a decrease in plasticity index and optimum moisture content and slight increase in the maximum density (Azadi, 2008).
	The effect of pH on the geotechnical properties of lateritic soil was examined and the finds shows that maximum density and specific gravity decrease with time while optimum moisture content and plasticity index increase with time (Sunil et al 2006).
	The research is aimed at evaluating the effect of salt contamination on the engineering properties of soil using hydrated copper (II) tetraoxosulphate (VI) [CuSO4.
1.1	Scope of the Study
	This research is focused on the effect of copper (II) tetraoxosulphate (VI) salt as a contaminant on lateritic soil. The sample will be collected and divided into four portions: The first portion will not be contaminated while the remaining three will be contaminated. The portions will be subjected to the following laboratory tests: particle size analysis, Atterberg’s limits, WAS compaction and California Bearing Ratio.
1.2	Aim and Objectives of the Study
	The aim and objectives of this study is to:
· Asses the actual performance of lateritic soil when contaminated with copper (II) tetraoxosulphate (VI) salt.
· To identify and appraise CuSO4 as a contaminant on lateritic soil.
· To show the effect of CuSO4 on various engineering properties of lateritic soil.
· To evaluate the strength of lateritic soil when contaminated or not contaminated with CuSO4.
1.3	Description of the Study Area
	The sample was collected at four geographical points at Institute of Technology, Kwara State Polytechnic, Ilorin at depth of 0.2-2m in each of the points.
1.4	Methodology
	Procurement of material (CuSO4). The specimen was bought.
Collection of the soil sample from four different geographical points in the institute of technology of Kwara State Polytechnic, Ilorin.
	Mixing of the soil sample and CuSO4 as specimen; a portion will not be mixed which will serve as control for other portions mixed with contaminant.
	Laboratory test to be carried out on each portions of the specimen are:
· Particle size analysis
· Atterberg’s limit test
· British Standard Compaction Test
· California Bearing Ratio
Calculation and analysis of the result.

· 

CHAPTER TWO
2.0			       LITERATURE REVIEW
2.1.0	Lateritic Soil
2.1.1	General
	From an engineering perspective, soil is any uncemented or weakly cement accumulation of mineral particles formed by the weathering of rocks and contains void spaces between particles which are filled by water and air (Craig 1998).
	Soil is defined as a material having three components, which includes; solid particles, air and water. The geological formation is based on rock weathering which can occur either chemically when the minerals of a rock are altered through a chemical reaction with rain water or mechanically through climate effect such as freeze-thaw and erosion (Bell 1993).
	Soil is said to be residual soil, if the present location of the soil is that in which the original weathering of the parent rock occurred, otherwise, the soil is referred to as transported.
	Laterites have been widely used for foundations and other construction purposes in subtropical and tropical regions, where they are deposited abundantly. For any soil to be utilized for Civil Engineering works there is need for its investigation to enable the engineers to use the soil economically, to predict their engineering properties and performance under field conditions with a fairly good degree of accuracy.
The first work on soil contamination was that of T. Matthew, 1999 which carried research work on “the effect of oil contamination on laterites” in the University of Benin, Benin Nigeria as a final year project in the department of Civil Engineering. He concluded that oil contamination on soil has adverse effect on the engineering properties of soil after he had carried out series of test on the soil sample.
The second was that of S. Mumeen, 2009 of the department of Civil Engineering, Federal Polytechnic, Ede where carried out research work on “the effect of oil on properties of lateritic soil” and concluded that oil and oil spillage should be avoided from lateritic soil because of its effect on soil engineering properties.
The third work was that of a journal presented by Engr A. Akinola and Engr M. Olatunji, 2010 of the University of Ibadan and Ladoke Akintola University of Technology respectively on “the effect of copper sulphate contamination on engineering properties of tropical soil”. They concluded that the presence of copper sulphate on highway foundation materials make them unsuitable for highway construction or can make them cause pavement failure in existing roads.
2.1.2	Origin and Definition of Laterite
2.1.2.1	Origin
	The soil named “Laterites” was by Buchnan (1807) in India from a Latin word “Later” meaning brick. He described the material as “diffused in great masses, without any appearance of stratification, and is placed over the granite that forms the basis of Malayala (India). It is full of cavities and pores, and contains a very large quantity of iron in the form of red and yellow ochre. In the mass, while excluded from the air, it’s so soft that any iron instrument readily cuts it and its cut into square masses with a pick axe and immediately cut into the shape wanted with a trowel or large knife. It very soon becomes as hard as brick and resists the air and water much better than any bricks I have seen in India” (Charman, 1988).
	In Civil Engineering, the confusion regarding laterite caused largely by the tendency to apply the term to any red soil or rock in the tropics. The concept of silt hardening has persisted but several theories have been advanced to account for the origin and deformation of laterites. Laterites occur in six main regions of the world, which includes Africa, India, South-East Asia, Australia, Central and South America. Lateritic materials constitute the major surfacial deposit of engineering materials in many parts of Australia, Africa and South America (Charman, 1988).
2.1.2.2	Definition of Laterite 
	Many conflicting definition of laterite have been proposed in literature. Buchanam’s (1807) is the earliest and his definition is based on the ability of a soft red material to harden on exposure to air. Attempts at a more precise definition resulted in the application of chemical criteria to laterite, the potential of laterite as an iron or aluminum have helped to promote interest in their identification. Lacroix (1913) divided into true laterite, silicate clays, on the basis of the hydroxides content, and this was developed further by (Martin and Doyne 1930) with the application of a silica-alumnia ratio. Alexander and Cady (1962) reintroduced the concept of hardening and its relationship to crystallization of iron oxides and dehydration. A silica sequioxide ratio {SiO2/(Al2O3+Fe2O3)} with the ratio between 1.33 and 2 was therefore proposed for lateritic soils. Values greater than 2 indicated non-lateritic, tropically-weathered soils (Bell, 1993).
	Laterites are the products of intensive and long lasting tropica rock weathering which is intensified by high rainfall and at elevated temperature. They contain hydrated oxides of iron and Aluminium, which further oxidize to form insoluble precipitate of the fine particles or hard concretionary nodules (Schellmann, 2007).
2.1.3	Formation of Lateritic Soils
	For engineering purposes, the term “Laterite” is confined to the coarse grained vermiscular concrete materials, including massive laterite. The term “Lateritic soil” refers to materials with lower concentrations of oxides. (Gidigasu, 1976).
	Lateritic soils are formed in hot, wet tropical regions with an annual rainfall between 750 to 300mm, (usually in areas with significant dry season) on a variety of different types of rocks with high iron content. The location on the earth, that characterize these conditions fall between latitudes 35oS and 35oN (Persons, 1970).
Laterisation is the removal of silicon through hydrolysis and oxidation that result in the formation of laterite and lateritic soils. The degree of laterisation’s estimate by the silica sequioxides (S-S) ratio (SiO2/Fe2O3). Laterisation involves physio-chemical alteration of primary rocks forming minerals into materials rich in 1:1 lattice clay materials (kaolinite, and laterite constituents (Fe, Al, Ti and Mn). In the first place Ca, Mg, Na and K are released, leaving behind a siliceous framework consisting silica tetrahedral and alumina octahedral is disintegrated. Silica will be leached slowly, while alumina and ferri-sesquioxides (Fe2O3, Al2O3 and TiO2) remain together with kaolinite as the end products of clay weathering. The end result is a “reddish matrix” made from kaolinite, goethite and fragments of the pisolithic iron crust (Gidigasu, 1976).
2.1.4	Profiles of Lateritic Soils
	A Lateritic soil profile is characterized by the presence of three major horizons below the humus-stained topsoil. These horizons include:
· The sesquioxide rich lateritic horizon (sometimes gravelly and/or hardened in-situ as crust);
· The mottled zone with guidance of enrichment of sesquioxide.
· The pallid or leached zone (rock suffering chemical and mineralogical change, but retaining physical appearance) over laying the parent rock. (Gidigasu and Kuma, 1987).
For fine grained soils in lateritic profile over phyllite, it was shown by Gidigasu (1980) that the particle size distsibution, Atterberg limits, compaction characteristics, swell and bearing properties for the soils in the three horizons vary considerably. However, in the mottled and pallid zones the fines content predominate except for un-weathered quartz in the parent rocks (Gidigasu and Kuma, 1987).
2.1.5	Improvement of Lateritic Soils
	Stabilization may be defined as many process by which a soil material is improved and made more stable. The goals of stabilization are therefore to improve the soil strength, to improve the bearing capacity and durability under adverse moisture and stress condition and to improve the volume stability of a soil mass.
	Stabilization may include; mechanical, cement, lime, lime-fly-ash, bitumen, sand and baggasse stabilization. The choice of a stabilizing method should be based on the following factors
· Genetics characteristics
· Particle-size distribution
· Mineralogical composition of the soil and 
· Organic matter and physical, chemical characteristics of the soil.



2.1.6	Engineering Properties of Lateritic Soil
	Geotechnical characteristics and field performance of lateritic soils as well as their reactions to different stabilizing agents may be interpreted in the light of all or some of the following parameters (Gidigasu, 1976):
· Genesis and pedoligical factors (parent material, climate, topography, vegetation and period of time in which the process has operated).
· Degree of weathering (decomposition, sesquioxides enrichment and clay-size content, degree of leaching).
· Position in the topographic site and 
· Depth of soil in the profile.
2.1.6.1	Particle-Size Distribution of Lateritic Soil 
	Particle size distribution may provide the following information:
· A basis for identification and classification of soils.
· The compatibility characteristics
· Permeability
· Swellability and 
· A rough idea of deformation characteristics of the soil mass
Texturally lateritic soils are very variable and may contain all fractions sizes; boulders, cobbles, gravel, sand, silt and clay as well as concreting rocks. 
Pretesting preparation of lateritic soils for sieve analysis may have the following effects on the size distribution (Gidigasu, 1976).
· Remolding and removal of free iron oxides increases the content of fines between 35% to 65% (this will be a function of the dispersing agent).
· Degree of drying and time mixing of the sample prior to testing influence the degree of dispersion of some lateritic soils.
· Cementing effects of sesquioxides, which bind the clay and silt fractions into coarser fraction.
2.1.6.2	Plasticity Characteristics of Lateritic Soil
	The interaction of the soil particles at the micro scale is reflected in the Atterberg limits of the soil at micro level. Knowledge of the Atterberg limits may provide the following information:
· A basis for identification and classification of a given soil 
· Texture
· Strength and compressibility characteristics swell potential of the soil or the water holding capacity.
Atterberg limits depend on:
· The clay content; plasticity increase with increase in clay content (Praskowski, 1963)
· Nature of soil minerals; only minerals with sheet like or plate like structures exhibit plasticity. This is attributed to the high specific surface areas and hence the increased contact in plate shaped particles.
· Chemical composition of the soil environment; the absorptive capacity of the colloidal surface of the cations and water molecules decrease as the ratio of silica to sesquioxides decrease (Baver, 1930).
· Nature of exchangeable cations; this has a considerable influence upon the soil plasticity (Hough, 1959).
· Organic matter, high organic matter increases plasticity (Sklempton, 1953)
Pretest preparation, degree of moulding and time mixing, dry and re-wetting, and irreversible changes may affect plasticity test in plasticity in drying. Drying drives off absorbed water, which is not completely regained, on re-wetting (this is the case in both oven and air drying) (Fookes, 1997).
Studies on the relationship between the natural moisture content and the liquid limits and plastic limits have shown that generally the natural moisture content is less than the plastic limit in normal lateritic soils (Vargas, 1953). However, the lateritic soils from high rainfall areas may have moisture content as high as the liquid limit (Hirashima, 1948).
2.1.6.3	Compaction Characteristics of Lateritic Soil   
The compaction characteristics of lateritic soils are determined by their grading characteristics and plasticity of fines. These in turn can be in turn can be traced to genetics and pedological factors.
The significant characteristics of lateritic soils are influenced by the strength of concretionary coarse particles on compaction. Most lateritic soils contain a mixture of quartz and concretionary coarse particles which may vary from very hard to very soft.
The strength of these particles has major implications in terms of field and laboratory compaction results and their subsequent performance in road pavements. The higher the iron oxides content the more the degree of dehydration in the lateritic soil, the harder the concretionary particles become.
Placement variable (moisture content, amount of compaction and type of compaction efforts) also influences the compaction characteristics. Varying each of these placement variables has an effect on permeability, compressibility, swellability, strength and stress-strain characteristics (Lambe, 1958). For example, soil compacted on the dry side of optimum moisture content swells more than soils compacted on the wet side because the soil compacted on the dry side have a greater moisture deficiency and a lower degree of saturation (Mitchel et al, 1969). On the other hand, soils compacted on the wet side of the optimum moisture content will shrink more on drying than a soil compacted on the dry side (Lambe, 1958).
2.1.6.4	Shear Strength Characteristics of Lateritic Soils
	The main objectives of shear strength test in soil engineering are generally to determine the strength parameters (i.e the cohesion and angle of internal friction) in terms of total or effective stresses under known test condition. Its determination directly or indirectly enters into virtually every soil engineering problems.
	The cohesion is attributable to the resultant of inter-particle forces which are mainly associated with the clay-size particle of soils and will vary with the particles size of the particle and the distance separating them. Some of the inter particle force which are believed to contribute to soil cohesion includes:
· Valence forces associated with surface
· Ionic forces associated with ions dissociated from polar materials
· Dipole forces and moments associated with polar materials
· Molecular attraction or Van der Waal’s forces.
The angle of internal friction included the effect of interlocking. The interlocking effect itself is affected to some degree by the shape of particles and the grain-size distribution. The interlocking action varies with the density and angle of internal friction increases with increase in density. The two parameters cohesion (c) and angle of friction () depends on the following factors: grading, particle shape and void ratio. The cohesion also depends on degree of saturation, while angle of internal friction did not (Gidigasu, 1976).
The shear strength characteristics of lateritic soils have been found to depend significantly on the parent materials and the degree of weathering (i.e degree of decomposition, laterization and desiccation) which depends on the position of the sample in the soil profile and compositional factors as well as the pretest preparation of the samples (Cruz, 1969, Lohnes et al, 1971 and Wallace 1973). The higher the degree of laterization the more favourable are the shear strength parameters (Baldorin, 1976).
2.1.7	General Use of Laterites
	Laterites are widely used for different purposes. In agriculture, it is used for construction of fish ponds but not suitable for farming because of lack of potash and phosphate in the soil. Laterites have various engineering uses:
· They are used on days for puddling, for making tiles and as mortar in rough work.
· Kankar, a mineral component of laterite has filled an important part as cement in many engineering works (in India).
· Where the iron concretion has been worked out by rains or by artificial treatment (often in the form of small like pellets) they serve as iron ore in parts of India and Africa. 
· Laterite soil has also been successfully used in the construction of slopes, embankments, foundations, base and sub-base in road construction, reinforced retaining walls, engineering bricks and dams in both tropical and sub-tropical regions.



                                                        

CHAPTER THREE
RESEARCH METHODOLOGY
3.0	INTRODUCTION
	The sample was divided into four portions labeled A to D, portion A was not contaminated, it serve as control, while portion B, C, and D were contaminated with 20g, 24g and 30g of copper sulphate respectively. The three contaminated portions were kept for seven days before the following laboratory tests were carried out on the soil samples “the four portions”.
· Particle size distribution
· Atterberg’s limit test
· Compaction test
· Califonia bearing ratio test 
3.1	Particle Size Distribution
	The particle size distribution test was done by dry sieving and this method covers the quantitative determination of the particle size distribution in soil down to the fine sand size.
Apparatus Used
Set of British standard test sieves
A balance readable and accurate to 0.5g weighing machine
A balance readable and accurate to 0.01g weighing machine
Simple 
Procedure 
	The test sample is dried in the oven and weighed.
	The sample is poured in the B.S. set of sieves arranged in descending order (each sieve weight has been determined).
The set of sieves was shaken manually by hand. On completion of the sieving, each sieve was weighed. The cumulative weight passing through each sieve is calculated as a percentage of the total sample weighed.
Fineness modulus is obtained by adding cumulative percentage of aggregate retained on each sieve and dividing the sum by 100.
The result is then analyzed.
3.2	Atterberg’s Limit Test
	The Atterberg’s limits are a basic measure of the nature of a fine grained soil depending on the water content of the soil; it may appear in four states; solid, semi-solid, plastic and liquid. In each state the consistency behaviour of soil is different and thus so are its engineering properties. The Atterberg’s limits are: liquid limit, plastic limit, plastic.
Apparatus
A flat glass plate of size 500mm x 500mm x 10mm
Two palette knives
A casangrade liquid limit apparatus 
Grooving knife
Moisture content tin
A wash bottle containing distilled water
425µm BS test sieve.


Procedures
Liquid Limit: A sample weighing 200g from the material passing the 425µm BS test sieve was taken.
	The sample was placed on flat glass plate and mix thoroughly with distilled water using the palette knife until the mass becomes a thick homogenous paste.
	The paste is allowed to stand in air tight container for about 24hours to allow the water permeate throughout the soil mass.
	Curing was applied to where applicable and remix for about 10minutes.
	A portion of the remixed soil sample was placed in the cup of the cansagrade limit machine and leveled up to base.
	It was divided by draining the grooving tool along the diameter through the centre of the linge. The crank of the casangrade machine is been turned at the rate of two revolution per seconds until there is closure. The moisture content is then determined.
	The sample was then remixed with additional water and the same above procedure was repeated.
	The above two procedures were repeated until two consecutives runs gives the same number of blows for closure.
	The result is plotted on a graph of percentage moisture content to 25 number of blows is taken as the liquid limit.
Plastic Limit 
	About 20g of dry soil all passing through 425µm BS test sieve is mixed with sufficient water to form paste. The ball is rolled by hand on a glass plate with sufficient pressure to form a thread, when the diameter of the resulting thread becomes 3mm, it become to crumble and the moisture content at the average moisture content was taken as the plastic limit.
Plastic Index
	The plastic index is the subtraction of [plastic limit from liquid limit i.e P.L. = L.L – P.L
3.3	Compaction Test
	The compaction test covers the determination of the mass of dry soil per cubic meter when the soil is compacted in a specific manner over a range of moisture content including the mass of dry soil per cubic meter. Standard proctor (ASTM D698/ASH TOT99) method was used.
Apparatus
	A metal rammer having 100mm diameter circular face and weighing 2.5kg. the rammer falls from height of 300mm. 
A weighing balance
4.76mm BS test sieve
A large metal tray
Apparatus for moisture content determination
A cylindrical metal mould
Steel collar
Procedure
A cylindrical metal mould with a metal detachable base plate is weighed while empty.
Water was added to the first specimen “that pass 4.76mm BS test sieve” and thoroughly mixed.
The specimen was then compacted in the mould in 3 layers by blowing it with rammer at 27blows per layer.
The moisture content of the specimen was determined.
The 3rd, 4th and 5th processes were repeated with increase in water used to mix the sample until there is decrease in the bulk density of the sample.
The graph of dry density against moisture content was drawn to determine the maximum dry density and optimum moisture content.
3.4	California Bearing Ratio Test
	The CBR is a penetration test for evaluating mechanicl strength of road sub grade and base courses. It was developed by California department of transportation before World War II.
	The CBR value is simply the resistance to a penetration 2.54mm of a standard cylindrical plunger of 49.6mm diameter expressed as a percentage of the known resistance of the plunger to various penetrations in crushed aggregates.
Apparatus Used.
Cylindrical steel mould 
Loading machine
Surcharge weight
BS test sieve
Steel collar
Miscellaneous apparatus.
Procedure
The empty cylindrical steel mould was weighed 
Water was added to the first specimen and compacted 
After the compaction the collar was removed and leveled to the surface.
Sample was taken for determination of moisture content 
Mould + compacted specimen was weighed 
The specimen was placed under the penetration piston and surcharge load was placed on it. 
Load was applied and the penetration load values are noted CBR value is then obtained.   


CHAPTER FOUR
RESULT ANALYSIS AND DISCUSSION
4.1	Particle Size Distribution 
	The result of the particle size distribution “sieve analysis” of the sample is analyzed and presented in the table and figure below.
Table 4.1: Result of Particle Size Distribution
	Sieve: Alt. Design
	Sieve + Sample Mass (g)
	Emply Sieve Mass (g)
	Sieve Dia. (mm)
	Mass RTD. (g)
	Percentage RTD
	Cum. Percentage RTD (%)
	Percentage Passg (%)

	¾ in
	470.00
	470.00
	20.000
	0.00
	0.00
	0.00
	100

	5/6 in 
	470.80
	461.00
	8.000
	9.80
	1.96
	1.96
	98.04

	No. 5
	465.00
	435.00
	4.000
	30.00
	6.00
	7.96
	92.04

	No. 10
	441.30
	410.00
	2.000
	31.30
	6.26
	14.22
	85.78

	No. 18
	444.10
	384.00
	1.000
	60.10
	12.02
	26.24
	73.76

	No. 40
	548.50
	442.00
	0.425
	106.50
	21.30
	47.54
	52.46

	No. 60
	374.70
	314.00
	0.250
	60.70
	12.14
	59.68
	40.32

	No. 200
	478.40
	410.00
	0.075
	68.40
	13.68
	23.36
	26.64

	< No. 200
	
	
	<0.075
	133.20
	26.64
	100.00
	0.00
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Figure 4.1: Grain Size Distribution Curve 


From the graph, it can be deduced that the lateritic soil sample is made up of coarse silt, fine, medium and coarse sand and fine gravel. It is equally well graded. 
4.2	Atterberg Limit Test  
	The results of Atterberg’s Limit Test for the four samples are analyzed and presented in the table and figure below.
Table 4.2.1: ATTERBERG TABLE FOR SAMPLE A
	Description 
	1
	2
	3
	4
	5
	1
	2

	Type of Test
	L.L
	L.L
	L.L
	L.L
	L.L
	P.L
	P.L

	Test No
	1
	2
	3
	4
	5
	1
	2

	Can No.
	A1
	B1
	C1
	D1
	B2
	C2
	D2

	Mass of can + wet sample
	29.83
	29.48
	30.65
	30.00
	31.32
	26.72
	26.91

	Mass of can + dry sample
	28.72
	28.38
	28.94
	28.40
	29.07
	26.4
	26.62

	Mass of empty can
	25.5
	25.7
	25.5
	25.8
	25.8
	25.6
	25.9

	Mass of moisture 
	1.11
	1.10
	1.71
	1.60
	2.25
	0.32
	0.29

	Mass of dry sample
	3.22
	2.68
	3.44
	2.60
	3.27
	0.80
	0.72

	% moisture content
	34.33
	41.12
	49.66
	61.54
	68.88
	40.18
	40.38

	No of blows
	50
	40
	28
	16
	16
	Average 
	40.28


                  	            Liquid Limit = 54.8%
                  	            Plastic Limit = 40.28%
Liquid Index = 14.52% 
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Figure 4.2.1: Atterberg graph for Sample A



Table 4.2.2: ATTERBERG TABLE FOR SAMPLE B
	Description 
	1
	2
	3
	4
	5
	1
	2

	Type of Test
	L.L
	L.L
	L.L
	L.L
	L.L
	P.L
	P.L

	Test No
	1
	2
	3
	4
	5
	1
	2

	Can No.
	A1
	B1
	C1
	D1
	B2
	C2
	D2

	Mass of can + wet sample
	30.65
	30.15
	29.64
	30.58
	31.59
	26.97
	27.16

	Mass of can + dry sample
	29.5
	29.16
	28.39
	28.83
	29.24
	26.6
	26.82

	Mass of empty can
	25.5
	25.7
	25.5
	25.8
	25.8
	25.6
	25.9

	Mass of moisture 
	1.15
	1.35
	1.25
	1.75
	2.35
	0.37
	0.34

	Mass of dry sample
	4.00
	3.46
	2.89
	3.03
	3.44
	1.00
	0.92

	% moisture content
	28.64
	38.88
	43.22
	57.88
	68.39
	36.95
	37.33

	No of blows
	48
	39
	27
	15
	14
	Average 
	37.14


                  	             Liquid Limit = 50%
                  	             Plastic Limit = 37.14%
Liquid Index = 12.86% 
[image: ]








Figure 4.2.2: Atterberg graph for Sample B


Table 4.2.3: ATTERBERG TABLE FOR SAMPLE C
	Description 
	1
	2
	3
	4
	5
	1
	2

	Type of Test
	L.L
	L.L
	L.L
	L.L
	L.L
	P.L
	P.L

	Test No
	1
	2
	3
	4
	5
	1
	2

	Can No.
	A1
	B1
	C1
	D1
	B2
	C2
	D2

	Mass of can + wet sample
	29.59
	30.31
	30.77
	29.57
	29.98
	26.87
	26.89

	Mass of can + dry sample
	28.66
	29.09
	29.18
	28.18
	27.89
	26.54
	26.63

	Mass of empty can
	25.5
	25.7
	25.5
	25.8
	25.8
	25.6
	25.9

	Mass of moisture 
	0.93
	1.22
	1.48
	1.39
	2.09
	0.33
	0.26

	Mass of dry sample
	3.16
	3.39
	3.68
	2.38
	3.44
	0.94
	0.73

	% moisture content
	29.33
	35.86
	40.20
	58.33
	60.88
	35.18
	35.46

	No of blows
	40
	36
	25
	12
	12
	Average 
	35.32


                 	Liquid Limit = 46%
                 	Plastic Limit = 35.46%
                        Liquid Index = 10.54%
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Figure 4.2.3: Atterberg graph for Sample C


Table 4.2.4: ATTERBERG TABLE FOR SAMPLE D
	Description 
	1
	2
	3
	4
	5
	1
	2

	Type of Test
	L.L
	L.L
	L.L
	L.L
	L.L
	P.L
	P.L

	Test No
	1
	2
	3
	4
	5
	1
	2

	Can No.
	A1
	B1
	C1
	D1
	B2
	C2
	D2

	Mass of can + wet sample
	30.35
	30.65
	29.65
	30.78
	30.52
	26.65
	27.10

	Mass of can + dry sample
	29.24
	29.38
	28.46
	29.06
	28.68
	26.44
	26.86

	Mass of empty can
	25.5
	25.7
	25.5
	25.8
	25.8
	25.6
	25.9

	Mass of moisture 
	1.11
	1.27
	1.19
	1.72
	1.84
	0.21
	0.24

	Mass of dry sample
	3.74
	3.68
	2.96
	3.26
	2.88
	0.84
	0.96

	% moisture content
	29.63
	34.49
	40.05
	52.66
	63.86
	25.08
	25.12

	No of blows
	42
	33
	28
	10
	9
	Average 
	25.10


Liquid Limit =44%
   	                        Plastic Limit = 25.10%
Liquid Index = 18.9% 
[image: ]






	

Figure 4.2.4: Atterberg graph for Sample D






The results of the liquid limits, plastic limits and plastic index for the contaminated soil samples show that it decreases with the increase in concentration of the contaminant “CuSO4”  
4.3	Compaction Test 
	The results of the compaction test carried out on the four samples are analyzed and presented in the table and figure below.

20

	Table 4.3.1: COMPACTION TABLE FOR SAMPLE A




Wet
Density 
	Description
	Symb
	Expression
	Unit
	1

	2
	3
	4
	5

	
	Assumed Moisture Content  
	-
	-
	%
	
	
	
	
	

	
	Mass of cyl. + wet sample
	A
	-
	g
	3850

	4000

	4200
	4050
	

	
	Mass of cyl. Empty
	B
	-
	g
	1900
	1900
	1900
	1900
	

	
	Mass of wet Sample
	C
	A-B
	g
	1950
	2100
	2300
	2150
	

	
	Wet Density
	Dw
	c/cyl. Vol.
	g/cm3
	1.95
	2.1
	2.3
	2.15
	

	




Moisture  Content
	Can No
	-
	-
	-
	A1
	A2
	B1
	B2
	C1
	C2
	D1
	D2
	
	

	
	Mass of can+ wet sample
	a
	-
	g
	80.59
	78.76
	87.36
	83.16
	79.98
	91.91
	85.47
	91.66
	
	

	
	Mass of can + dry sample
	b
	-
	g
	75.81
	73.96
	81.81
	77.8
	74.83
	85.6
	79.12
	84.34
	
	

	
	Mass of moisture 
	c
	a-b
	g
	4.78
	4.80
	5.55
	5.36
	5.15
	6.29
	6.35
	7.32
	
	

	
	Mass of can empty
	d
	-
	g
	25.5
	25.3
	25.7
	25.8
	25.5
	25.6
	25.8
	25.9
	
	

	
	Mass of dry sample
	e
	b-d
	g
	50.31
	48.66
	56.11
	52.00
	49.33
	60.02
	53.32
	58.44
	
	

	
	Moisture content 
	ma + mb
	100c/e
	%
	9.51
	9.87
	9.9
	10.3
	10.44
	10.48
	11.91
	12.53
	
	

	
	Average moisture content
	m
	½ (ma + mb)
	%
	9.69
	10.10
	10.46
	12.22
	

	Dry Density
	Dry density 
	Dd
	1000/100+m
	g/cm3
	1.78
	1.91
	2.08
	1.92
	



Fig 4.3.1: COMPACTION GRAPH FOR SAMPLE A
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Figure 4.3.1: Compaction graph for Sample A




	Table 4.3.2: COMPACTION TABLE FOR SAMPLE B




Wet
Density 
	Description
	Symb
	Expression
	Unit
	1

	2
	3
	4
	5

	
	Assumed Moisture Content  
	-
	-
	%
	
	
	
	
	

	
	Mass of cyl. + wet sample
	A
	-
	g
	3800

	3980

	4100
	4020
	

	
	Mass of cyl. Empty
	B
	-
	g
	1900
	1900
	1900
	1900
	

	
	Mass of wet Sample
	C
	A-B
	g
	1900
	2080
	2200
	2120
	

	
	Wet Density
	Dw
	c/cyl. Vol.
	g/cm3
	1.90
	2.08
	2.20
	2.12
	

	




Moisture  Content
	Can No
	-
	-
	-
	A1
	A2
	B1
	B2
	C1
	C2
	D1
	D2
	
	

	
	Mass of can+ wet sample
	a
	-
	g
	80.80
	83.68
	80.78
	87.27
	104.24
	87.31
	9.255
	98.36
	
	

	
	Mass of can + dry sample
	b
	-
	g
	75.72
	78.54
	75.66
	81.13
	95.62
	89.18
	84.24
	89.05
	
	

	
	Mass of moisture 
	c
	a-b
	g
	5.08
	5.14
	5.12
	6.14
	8.62
	8.13
	8.31
	9.31
	
	

	
	Mass of can empty
	d
	-
	g
	25.5
	25.3
	25.7
	25.8
	25.5
	25.6
	25.8
	25.9
	
	

	
	Mass of dry sample
	e
	b-d
	g
	50.22
	53.24
	49.96
	55.33
	70.12
	63.58
	58.44
	63.15
	
	

	
	Moisture content 
	ma + mb
	100c/e
	%
	10.12
	9.66
	10.25
	11.11
	12.3
	12.78
	14.22
	14.74
	
	

	
	Average moisture content
	m
	½ (ma + mb)
	%
	9.89
	10.68
	12.54
	14.48
	

	Dry Density
	Dry density 
	Dd
	1000/100+m
	g/cm3
	1.72
	1.88
	1.96
	1.85
	



Fig 4.3.2: COMPACTION GRAPH FOR SAMPLE B
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Figure 4.3.2: Compaction graph for Sample B




	Table 4.3.3: COMPACTION TABLE FOR SAMPLE C




Wet
Density 
	Description
	Symb
	Expression
	Unit
	1

	2
	3
	4
	5

	
	Assumed Moisture Content  
	-
	-
	%
	
	
	
	
	

	
	Mass of cyl. + wet sample
	A
	-
	g
	3700

	3810

	4050
	3900
	

	
	Mass of cyl. Empty
	B
	-
	g
	1900
	1900
	1900
	1900
	

	
	Mass of wet Sample
	C
	A-B
	g
	1800
	1910
	2150
	2000
	

	
	Wet Density
	Dw
	c/cyl. Vol.
	g/cm3
	1.80
	1.91
	2.15
	2.00
	

	




Moisture  Content
	Can No
	-
	-
	-
	A1
	A2
	B1
	B2
	C1
	C2
	D1
	D2
	
	

	
	Mass of can+ wet sample
	a
	-
	g
	92.11
	93.45
	90.82
	94.54
	93.20
	101.46
	81.40
	106.27
	
	

	
	Mass of can + dry sample
	b
	-
	g
	85.74
	86.64
	83.58
	87.04
	84.83
	92.03
	74.13
	95.74
	
	

	
	Mass of moisture 
	c
	a-b
	g
	6.37
	6.81
	7.24
	7.50
	8.37
	9.43
	7.27
	10.53
	
	

	
	Mass of can empty
	d
	-
	g
	25.5
	25.3
	25.7
	25.8
	25.5
	25.6
	25.8
	25.9
	
	

	
	Mass of dry sample
	e
	b-d
	g
	60.24
	61.34
	57.88
	61.24
	59.33
	66.43
	48.33
	69.84
	
	

	
	Moisture content 
	ma + mb
	100c/e
	%
	10.58
	11.10
	12.51
	12.25
	14.10
	14.20
	15.04
	15.08
	
	

	
	Average moisture content
	m
	½ (ma + mb)
	%
	10.84
	12.38
	14.15
	15.06
	

	Dry Density
	Dry density 
	Dd
	1000/100+m
	g/cm3
	1.62
	1.70
	1.88
	1.74
	



Fig 4.3.3: COMPACTION GRAPH FOR SAMPLE C
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Figure 4.3.3: Compaction graph for Sample C




	Table 4.3.4: COMPACTION TABLE FOR SAMPLE D




Wet
Density 
	Description
	Symb
	Expression
	Unit
	1

	2
	3
	4
	5

	
	Assumed Moisture Content  
	-
	-
	%
	
	
	
	
	

	
	Mass of cyl. + wet sample
	A
	-
	g
	3680

	3750

	4000
	3850
	

	
	Mass of cyl. Empty
	B
	-
	g
	1900
	1900
	1900
	1900
	

	
	Mass of wet Sample
	C
	A-B
	g
	1780
	1850
	2100
	1950
	

	
	Wet Density
	Dw
	c/cyl. Vol.
	g/cm3
	1.78
	1.85
	2.10
	1.95
	

	




Moisture  Content
	Can No
	-
	-
	-
	A1
	A2
	B1
	B2
	C1
	C2
	D1
	D2
	
	

	
	Mass of can+ wet sample
	a
	-
	g
	87.23
	91.52
	96.61
	91.20
	91.46
	96.68
	107.30
	102.29
	
	

	
	Mass of can + dry sample
	b
	-
	g
	81.61
	85.42
	89.11
	84.43
	83.31
	71.08
	96.89
	92.26
	
	

	
	Mass of moisture 
	c
	a-b
	g
	5.62
	6.10
	7.50
	6.77
	8.15
	8.73
	10.41
	10.03
	
	

	
	Mass of can empty
	d
	-
	g
	25.5
	25.3
	25.7
	25.8
	25.5
	25.6
	25.8
	25.9
	
	

	
	Mass of dry sample
	e
	b-d
	g
	56.11
	60.12
	63.41
	58.63
	57.81
	62.35
	71.09
	66.36
	
	

	
	Moisture content 
	ma + mb
	100c/e
	%
	10.01
	10.15
	11.83
	11.55
	14.10
	14.00
	14.65
	15.11
	
	

	
	Average moisture content
	m
	½ (ma + mb)
	%
	10.08
	11.69
	14.05
	14.88
	

	Dry Density
	Dry density 
	Dd
	1000/100+m
	g/cm3
	1.62
	1.66
	1.84
	1.70
	


Fig 4.3.4: COMPACTION GRAPH FOR SAMPLE D
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Figure 4.3.4: Compaction graph for Sample D





From the results presented in the above tables and figures, it show that the maximum dry density decreases as the rate of contamination increases and the optimum moisture content increases was the rate of contamination increases. This may be attributed to reduction of iron oxide content as a result of ion exchanges that might occur between the copper ion and iron ion. 
	From the text of influence of compactive efforts and compaction delays on treated soil by Osinubi, K.J. (1998) it is confirmed that the coating of iron oxide on the surface of the aggregates make the particles into clusters. The soil particles in their natural condition are held together because of the presence of free iron oxide which on drying tends to coagulate the particles into strong clusters. Therefore, since the contaminated soil samples lack iron oxide to fill the voids between the grains the maximum dry density will decrease and optimum moisture content will increase. 
4.4	California Bearing Ratio Test
	The result of the California bearing carried out on the four samples are analyzed and presented below. 
Table 4.4.1: CBR TABLE FOR SAMPLE A
	
S/N
	
PEN (mm)
	BASE 
	TOP

	
	
	DIAL
	LOAD
	DIAL
	LOAD

	1.
	0.5
	11.4
	2.417
	9.6
	2.035

	2.
	1.00
	13.4
	2.841
	10.8
	2.290

	3.
	1.50
	15.6
	3.307
	12.6
	2.671

	4.
	2.00
	19.8
	4.198
	16.6
	3.519

	5.
	2.50
	24.8
	5.258
	19.2
	4.070

	6.
	3.00
	29.8
	6.318
	22.4
	4.749

	7.
	3.50
	35.6
	7.547
	26.6
	5.639

	8.
	4.00
	41.8
	8.862
	31.8
	6.742

	9.
	4.50
	46.8
	9.922
	36.8
	7.802

	10.
	5.00
	48.1
	10.197
	40.8
	8.650

	11.
	5.50
	50.6
	10.727
	44.8
	9.498

	12.
	6.00
	55.6
	11.787
	47.6
	10.091

	13.
	6.50
	57.4
	12.169
	49.2
	10.430

	14.
	7.00
	59.6
	12.635
	53.8
	11.406


Corrected (KN)
	MM
	BASE
	TOP

	2.50
	5.258
	4.070

	5.00
	10.197
	8.650


CBR %
	MM
	BASE
	TOP

	2.50
	39.713
	30.740

	5.00
	52.026
	44.133

	Actual 
	52.026
	44.133

	Average 48.08%


Approximately 48%
Table 4.4.2: CBR TABLE FOR SAMPLE B
	
S/N
	
PEN (mm)
	BASE 
	TOP

	
	
	DIAL
	LOAD
	DIAL
	LOAD

	1.
	0.5
	8.2
	1.738
	6.4
	1.357

	2.
	1.00
	10.6
	1.147
	7.6
	1.611

	3.
	1.50
	12.8
	2.714
	9.4
	1.993

	4.
	2.00
	16.5
	3.498
	13.6
	2.883

	5.
	2.50
	21.6
	4.579
	16.0
	3.392

	6.
	3.00
	26.6
	5.639
	19.2
	4.070

	7.
	3.50
	32.6
	6.911
	23.5
	4.982

	8.
	4.00
	38.8
	8.226
	28.6
	6.063

	9.
	4.50
	43.8
	9.286
	33.8
	7.166

	10.
	5.00
	44.8
	9.498
	37.6
	7.971

	11.
	5.50
	47.6
	10.091
	41.6
	8.819

	12.
	6.00
	52.6
	11.151
	43.8
	9.286

	13.
	6.50
	54.6
	11.575
	46.0
	9.752

	14.
	7.00
	56.8
	12.042
	50.6
	10.727


Corrected (KN)
	MM
	BASE
	TOP

	2.50
	4.578
	3.392

	5.00
	9.498
	7.971


CBR %
	MM
	BASE
	TOP

	2.50
	34.585
	25.619

	5.00
	48.459
	40.668

	Actual 
	48.459
	40.668

	Average 44.56%


Approximately 45%
Table 4.4.3: CBR TABLE FOR SAMPLE C
	
S/N
	
PEN (mm)
	BASE 
	TOP

	
	
	DIAL
	LOAD
	DIAL
	LOAD

	1.
	0.5
	6.0
	1.272
	4.4
	0.933

	2.
	1.00
	8.4
	1.781
	5.4
	1.145

	3.
	1.50
	10.6
	2.247
	7.2
	1.526

	4.
	2.00
	14.2
	3.010
	11.4
	2.417

	5.
	2.50
	19.4
	4.113
	13.8
	2.926

	6.
	3.00
	24.4
	5.173
	17.0
	3.604

	7.
	3.50
	30.4
	6.445
	21.4
	4.537

	8.
	4.00
	36.4
	7.717
	26.4
	5.597

	9.
	4.50
	41.4
	8.777
	35.4
	7.505

	10.
	5.00
	42.4
	8.989
	39.4
	8.353

	11.
	5.50
	45.4
	9.625
	41.6
	8.819

	12.
	6.00
	50.4
	10.685
	43.8
	9.286

	13.
	6.50
	52.3
	11.088
	48.4
	10.261

	14.
	7.00
	54.4
	11.533
	-
	-


Corrected (KN)
	MM
	BASE
	TOP

	2.50
	4.113
	2.926

	5.00
	8.989
	7.505


CBR %
	MM
	BASE
	TOP

	2.50
	31.065
	22.100

	5.00
	45.862
	38.291

	Actual 
	45.862
	38.291

	Average 42.08%


Approximately 42%
Table 4.4.4: CBR TABLE FOR SAMPLE D
	
S/N
	
PEN (mm)
	BASE 
	TOP

	
	
	DIAL
	LOAD
	DIAL
	LOAD

	1.
	0.5
	4.0
	0.848
	2.4
	0.501

	2.
	1.00
	6.4
	1.357
	3.4
	0.721

	3.
	1.50
	8.6
	1.823
	5.2
	1.102

	4.
	2.00
	12.2
	2.586
	9.4
	1.993

	5.
	2.50
	17.4
	3.689
	11.8
	2.502

	6.
	3.00
	22.4
	4.749
	15.0
	3.180

	7.
	3.50
	28.4
	6.021
	19.4
	4.113

	8.
	4.00
	34.6
	7.335
	24.4
	5.173

	9.
	4.50
	39.4
	8.353
	29.6
	6.275

	10.
	5.00
	40.4
	8.565
	33.4
	7.081

	11.
	5.50
	43.4
	9.201
	37.4
	7.929

	12.
	6.00
	48.4
	10.261
	39.6
	8.395

	13.
	6.50
	50.3
	10.664
	41.8
	8.862

	14.
	7.00
	52.4
	11.109
	46.4
	9.837


Corrected (KN)
	MM
	BASE
	TOP

	2.50
	3.689
	2.502

	5.00
	8.565
	7.081


CBR %
	MM
	BASE
	TOP

	2.50
	27.86
	18.90

	5.00
	43.699
	36.128

	Actual 
	43.699
	36.128

	Average 39.91%


Approximately 40%
From the results, there were percentage decrease of approximately 48%, 45%, 42% and 40% in a decreasing rate for each of the sample. 
The decrease in CBR can also be attributed to the ion exchange that had occurred as a result of the contamination. 
TABLE 4.5: COMPARISON OF RESULTS 

	Test/Sample
	A
	B
	C
	D

	Liquid Limit
	54.8%
	50%
	46%
	44%

	Plastic Limit
	40.28%
	37.14%
	35.46%
	25.10%

	Liquid Index
	14.52%
	12.86%
	10.54%
	18.90%

	M.D.D
	2.09g/cm3
	1.96g/cm3
	1.88g/cm3
	1.84g/cm3

	O.M.C
	10.6%
	12.6%
	14.20%
	14.10%

	C.B.R
	48%
	45%
	32%
	40%




CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.1	Conclusion 
	From the investigation carried out on this work, the following conclusions are made:
The laterite sample is classified as A-2-7(0) soil according to ASSHTO classification system and it is a good subgrade and sub base material for highway construction.  
The liquid and plastic limits and plasticity indices decreases with the addition of the contaminants. This reduction increases with increase in concentration of the contaminant “CuSO4”.
The maximum dry density decreases and optimum moisture content increases with the increase in concentration of the contaminant “CuSO4”.
The California Bearing Ratio which is an important index for determining the usage of soil sample for construction also decreased with the rate of increase of the contaminant “CuSO4”.
	All the above show that the presence of CuSO4 in highway foundation materials can make them unsuitable for highway construction or can cause pavement failure in existing roads. 


5.2	Recommendation 
	The following recommendations are made:
The various sources of copper sulphate contaminant in highway should be avoided by providing excellent drainage along highways. 
The effect of the contaminant should be extended to base materials, especially if the base is constructed with lateritic soil because the effect on stone base may not be appreciable. 
Copper sulphates contaminants should also be avoided through proper environmental impact assessment for under construction and existing highways.    
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