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ABSTRACT

| Soil has been a major bane to the effectlve dehvery of engmeenng act1v1tles in ngena
agriculture, building and road constructions etc. The phys1ca1 and hydraulic properties of the
soils were investigated by excavating five trial pits for .the river bed soil and five for the soil
| deposited by erosion. The soil is neterogeneous and two types were rdentiﬁed; brown, clayey,
‘silty, gravely sand and brown, gravely, clayey, silty sand but the whole soil samples'have _the |
ratio of sand > gravel > s11t + clay. The average optlmum moisture "content and average dry
density of the river bed 5011 are 6.4% and 17 94kg/m respectlvely while that for the erosion soil
deposited are 8. 3% and 1774kh/m The hydrauhc conductlvrty for the river soﬂ is 14 900m/hr
while that for the erosion soil is 16.750rn/hr and the apparent specific gravrty ranges between
2.46 to 2.70 for the soil deposited by erosion and 2.46 to 2.64 for the river soil: The liquid limit,
: plastic 1i1111t and plasticity index is at 48.5%, 20.2% and,28.6%y?‘respectivel‘y for the river ’soi]t
while for the soil deposited by erosion, the liquid limit is 40.55, and plastic limit 18.7% and
plasticity index 21.8%. The bulk densities are higher in the rrver bed soil ‘due to the high cla)r ’
content of the soil' than those of the soil deposited by erosion. due to the high sand content. But
the hydr auhc conductivity is higher in the soil dep051ted by erosion as a result of its. high sand .
and low clay. The high clay content of the river soil makes it more suitable for farm structures
than the erosion soil deposited due to its high sand content. The ﬁner particles in the soil
deposrted by erosion are due to the lower value of the speciﬁc gravity of the erosion soil. This
also makes the erosion soﬂ deposited not suitable for farm structures. The shrinkage potentralv ‘

ranges from low to high for the river bed soil and low to medium in the soil deposited by erosion.
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CHAPTER ONE
1.0. INTRODUCTION :

1.1.  General Overview

Soil is one of our most import.ant natural resources and an understénding of the soil
system is key to the success and environment harmony of human use of land. Soils are grouped
into coarse-grained soil (more than 50% retained on a 0.075mrﬁ sieve) and fine-grained soils (at
least half smaller than 0.075mm sieve) (Brady and Weil, 2002). This classification seems to be
so generalized that mention is not being made as to whether the origin, location or site of soils
have any influence on the engineering behavior of the soil.

Soil consists of grain usually rock fragments or clay particles, with water and gas, usually
air or water vapour, in the void spaces between the grains. If there is no gas present the soil is
saturated and if there is no water it is dry, while if there is both water and gas in the voids the
soil is unsaturated. The mechanical properties / behaviour of the soil (strength and stiffness)
depend principally on the nature of the grains (what you see) and the current state of the soil

(how the grains are arranged), but these are governed, to some extent, by the manner of
fbrmétion which may be deposited, residual or compacted.

If is important to note the difference between soil descriptidn and soil classification. Soil
description is simply what you see and how the soil responds to simple test while soil

| classification is a écﬁgme for separatihg soils into broad groups, each 'with broadly similar
behaviour. |

The use -of soil or sand cuts across all spheres of engineering works: agriculture,
aggregate for road works, concrete, mortar, construcﬁion of filter, stabilization of soils etc. The
importance attached to river sand as to warrant its haulage through ten of hundreds of kilometres

when its use is desired in various engineering works, calls for a case study. This is more S0




because erosion sand deposited is readily available and in fact abundant in almost all places.
Findirig out by analysis of results based on experifnent on river and erosion sands, that both
poséess the same engineering characteristics and that one can be substituted for the other, it will
" theri be natural at least from economic point of view and labor saving, to adopt the use of erosion
soil where necessary.

In the process of achieving these objectives, the classification test (particle size
distribution), and permeability test usually come to mind. In order to arrive at a good degree of
precision, it is necessary to include infiltration capacity. of the soil, specific gravity, porosity,
particle density and void ratio. The obje(;t of soil classification is to divide soils into groups such
that all the soils in a particular grdup have similar characteristics, by which they may be
identified and exhibit similar behavior in given enginéering situations. A classification system
also provides a common Janguage for the exchange of information and experience 'regérding

soils.

1.1.1. The Nature of Soils

Success or failure of both agricultural and engineering projects often hinges on the
physical characteristics of the soil used. The hydraulic characteristics of soils influence how soils
function in an ecosystem and how they can be managed. The occurrence and growth of many
plants species é.nd the movement of water and solutes over and through the soil are closely
related to soil. physical characteristics. Together, rsoil texture and structure help determine the.
mitriént supplying ability c;f soil sé)lids, as well as the ability of the soil to hold and conduct

water and air, and for understanding soil behaviour and management (Atkinson, 1993).




J———

Brady and Weil (2002) emphasized that the behaviour of a soil in the field depends not
only on the significant properties of the individual cohstituents of the soil mass, but also on those
properties which are due to the arrangement of the particle within the mass. The principal soil
grain properties ard the size and shape of the grain and, in clay soils, the mineralogical character
of the smallest grain. The action of hydraulics characteristics of soil determine how soils behave
when used for highways, building constructions and foundation or when manipulated by tillage.
In fact, through their influence on water mdvement through and off soils, soil physical properties
exert considerable contro] over the destruction of the soil itself by erosion. |

Soil which is at the heart terrestrial ecology is the product of both destructive and
crea;cive (synthesis) process. Weathefing of rock and microbial decay of organic residues are

_example of destructive process, whereas the formation of new minerals, such as certain clays,

and new stable organic compounds are examples of synthesis (Brady and Weil, 2002).

1.1.2. Sand as a Type of Soil

The original rocks and minerals are destroyed by both physical disintegration and
chemical decomposition. Without appreciably  affecting their composition, physical
disintegration breaks down parent rock into smaller rocks and eventually into sand and silt
particles that are commonly made up of individual minerals. Simultaneously, the minerals
decompose chemlcally, releasing soluble materials and synthesizing new minerals, some of
which are resistant end products During the chemical changes, particle size continues to
decrease, and cohstituents con‘dnue to dissolve in the aqueous destructive solutlon (Brady and

Weil, 2002).
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During transportation, the size and shape of particles can undergo change and the particle
can be sorted into size ranges. The different sizes and shapes of the weathered soil constitute
sand which is cohesionless aggregates of rounded subangular or angular fragments of more or
less unaltered rocks or minerals; Sand is used to classify a particular grain size and to describe a
soil that is loose when dry, not sticky at all when wet, and when rubbed it leaves no film on the
finger (easy to handle). Individual sand particles are normally visible to the naked eyes and their
sizes range between 0.06m, 0.2m, 0.6m and 2.0m depending on their ﬁneness, medium or coarse
(Atkinson, 1993).

Sand particles are probably most familiar to us. The coarsest sand particles may be rock
fragmehts containing severalwl mineralé, but most sand grains consist of a single mineral, usually
quartz (SiO;) or other primary silicate. The dominance of quartz means that the sand separate
generally has a far smaller total content of plant nutrients than do the finer separates. As sand
particles are relatively, so, 100, the voids‘ between them are relatively large and promote free

drainage of water and entry of air into the soil. Because of their large size, particles of sand have

’ relatively low surface area (Brady and Weil, 2002).
Brady and Weil (1999) maintain that sandy soils generally have higher conductivities
than finer-textured soils. In sandy soils, preferential flow (movemeﬁt of pesticides and other
toxic chemicals through the soil) occur as “fingers” of rapidly wetted soil, much the way
raindrops falling on a window glass will coalesce and flow down the window in tiny streams.

In sandy soils, organic matter contents generally are low, the solid particles are less likely
to be aggr'egated' together,“and thewbulk densities are commonly higher than that of other soils.
This is due to the uniformity of their grain sizes and the type of packing arrangement which

significantly affect the bulk density. Sandy soils are usually freely drained and in dry season may




suffer from drought, which make the soils prone to erosion. These are due to the soils having

~large amount of large pores and less total porosity (Brady and Weil, 1999). The large pores

present little frictional resistance to rapid capillary water movement (the upward movement of

water) which is responsible by two forces. The forces are:
Q) The attraction of water for the soil (adhesion and adsorption).

(iiy ~ The surface tension of water, which is due largely to the attraction of water molecules for

each other (cohesion).

Because of the relatively low porosity, and equidimensional shape of the individual mineral

grains, very sandy soils resist compression once the particles have settled into a tight packing

arrangement. Changeable soil properties can indicate the status of a soil’s quality relative to its

potential, much the way water turbidity or oxygen content indicate the water quality status of a

river (Atkinson, 1993).

1.1.3. Erosion
Soil particles washed or blown from the eroding areas are subsequently deposited

elsewhere- in nearby low-lying landscapes sites, in streams and rivers etc. The environmental

and economic damages suffered by sites on which the eroded soil materials are deposited may be

as great as or greater than that incurred on the sites from which the soil material was removed.

Erosion is a process that transforms soil into sediment. The displaced soil material (sediment and
dust) lead to major water and air pollution problems, bringing enormous economic and social

costs to society. Erosion selectively removes organic matter and fine minerals particles, while

leaving behind mainly relatively less active, coarser fractions. The soil left behind usually has




lower water-holding and cation-exchange capacities, less biological activity, and a reduced

" capacity to supply nutrients for plant (Brady and Weil, 2002).-

Soil ‘erosion that takes place naturally, without the influence of human »activitics, is
termed geological erosion while accelerated erosion occurs when people ‘disturb the soil or the
natural vegetation by grazing livestock, cutting forests, tearing up land for construction of roads
and buildh;lgs (Brady and Weil, 1999). In discussing erosion, soil description normally éssential
are the nature of the grains, current state of soil and formation of the soil. Soils complétely
washed away by erosion are lost for all practical purpose. More often, soils are degraded in
quality rather than totally destroyed. Erosion causes contamination of a soil with tpxic

~ substances from industrial processes 6r chemical spills can degrade the soil capacity to prox}ide

habitat for soil organisms, to grow plants that are safe to eat, or safely recharge ground and

surface waters (Brady and Weil, 2002).

1.1.3.1 Erosion by Water
Water supplied to soils by rain, snowfall, and irrigation moves by a number of
pathways. Some of the precipitation is interrupted by plants and returned to the atmosphere by
'evaporation without ever reaching the soil and some returned by vaporization after plants uptake
and use which results to transpiration. Most of the water that does reach the soil penetrates
downward by the process of infiltration especially if the soil surface structure is loose and open.
If the rate of rainfall exceeds the infiltration capacity of the soils, the excess water unable to
penetrate will begin to ponéls on the; soil surface.
About two-thirds‘of the total soil moved anmially‘by soil erosion in Nigeria is by water

and one-third by wind. The soil materials eroded by water may be deposited at some point in the
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landscape where the energy of flow is reduced or may be carried into major river systems.

Sediments that washes into streams OF river (less than 20%) makes the water cloudy or turbid. It

is important to note that lngh turbidity prevents sunlight from penetratmg the water and thus

reduces _photosynthesis and survival of the submerged aquatic vegetation (SAV) The demlse of

the SAV, in turn, degrades the fish habitat and the aquatic food chain (Brady and Weil, 1999).

Sediments deposited on the river bottom can have a disastrous effect on many fresh water

fish by burying the pebbles and rocks among which they normally spawn. The buildup of bottom

sediments can actually raise the level of the river, so that flooding becomes more frequent and

step process (Brady and Weil, 1999)

more severe. Soil erosion by water is fundamentally a three-

(@ Detachment of soil particles from the soil mass.

(b) ~ Transportation of the detached .particles downhill by floating, rolling, dragging and

splashing.

(¢)  Deposition of the transported particles at some place lower in elevation.

1.1.32 Factors Affecting Erosion

Erosion damages the site on which it occurs and also has undesirable effect in the

larger environment. The cost associated with the damages may not be immediately apparent;

they are real and grow with time. The most obviously damaging aspect of erosion is the lost of

soil itself (Brady and Weil, 2002).

Soil science society of America (1996) made it cleared that it is impossible to play-down

v

the importance of preventing soil erosion but like many problems before you can address it you

first have to understand it. Soil erosion is a very complicated problem to solve, because there are

so many factors, which affect the rate of erosion. These factors include:




) Rainfall;

(i)  Soil type;

(iii)  Landscape or topography;

(iv)  Farm management;

(v) Infiltration capacity of the soil; and

(vi)  Permeability of the profile.

Soil erosion includes the process of detachment of soil particles from the soil mass and

the subsequent transport and deposition of those sediment particles. This sediment has a

tremendous societal cost in terms of stream degradation, disturbance to wildlife habitat, and

direct cost for dredging, as well as losing productive soil for agricultural land. The deterioration

of soil structure often leaves a dense crust on the soil surface, which, in turn, greatly reduces
water infiltration and increases water runoff (Soil Science Society of America, 1996).

Considerable progress in reducing soil erosion was made during the 1940s and 1950s,

when such physical practices as contour strips, terraces, and wind breaks were installed with

much persuasion and assistance from government agencies. Also, rather remarkable progress is
made in reducing soil erosion, largély as a result of two factors (Nwafor, 2006):

Q) The spread of conservation tillage; and

(i)  The implementation of land-use changes as part of the conservation reserve program.

1.2 Statement of the Study

To study river Chanchaga in respect to the physical and hydraulic properties of the river

bed soil and soil deposited by erosion around its banks as they affect farm structures.




1.3 Objectives

(1)  To evaluate the physical and hydraulic properties of the river soil and soil deposited by

erosion.

(2)  To determine the effect of river soil and soil deposited by erosion on the environment

(Chanchaga).

(3)  To show the significance level of river soil and sdil deposited by erosion.

1.4  Justification

The need for this study arisen from the fact that sand is a vital requirement for construction

of buildings, drainage etc which lead té any meaningful development of a nation.
Also, to 1ook. into the problems caused by soil erosion with a View to preferring solutions

through hydraulic properties.
This dissertation is, therefore, to identify the difference between river soil and erosion
soil deposited in terms of their hydraulic properties and ‘making useful recommendations. ,
‘The need for this study will help to check if the river soil and erosion soil in river
Chanchaga can as a medium to promote the growth of plants and animals (including humans),

‘while regulating the flow of water in the ecosystem. |

1.5 Scope and Limitation
The study is limited to the role of hydraulic conductivity, bulk density, permeability,
porosity, particle dehsity, Atterberg limit, compaction, void ratio and aggregate stability on river

Chanchaga’s soil and the erosion soil depésited.
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This dissertation confined to river Chanchaga in Minna, Niger state. It equally restricted

to the phyéical and hydraulic characteristics of the river sand and sand deposited by erosion as

they affect farm structures.

10
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Methods of Soil Analysis and their Influencing Factors \
Singe the total amount of an element in a soil tells us very little about the ability of that
soil to supply that element to plants, more meaningful partial soil analyses have been developed. .
Soil testing is the routine partial analysis of soil for the purpose of guiding nutrient management.
The soil testing process consists of three critical phases (Bfady and Weil, 2006):

) Sampling the soil;

(i)  Chemically analysis the sample;; and

(i) Interpreting the analytical result to make a recommendation on the kind and amount of
nutrient to supply.

The three general prbcedures of analyzing soil are:

(i)  Sieve analysis;

(i) Hydrometer method; and

(iii) Combined analyses.

2.1.1 Sieve Analysis

Sieve analysis consists of shaking the soil through a stack of wire screens with openings
of knbw. sizes;_ the definition of particle diameter for a sievé test is, therefore, the size dimension'
of a square hole (Dane and Topp, 2004).

The sievei analysis will help to know the particle diameter of the river bed soil and
erosion soil depositéd around the river banks in relation to the void between them which

promotes the free drainage of water and entry of air into the soil.

¥
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2.1.2 Hydrometer Method

According to Dane and Topp (2004), the hydrometer is based on stakes’ equation for the
velocity of a freely falling sphere; the definition of particle diameter for a hydrometer test is,
therefore, the diameter of a sphere of the same density which falls at the same as the particle in

question. This is calculated using this equation:

D=t @.1)

. Where,
u = viscosity of water at test temperature (gem™'s™)
§= ﬁnit weight of soil grain (g)
W = unit wei ght of water at test temperature (g)
Z_ = distance from surface of suspension to the centre of volume of hydrometer (cm)
T = total elapsed time (s).
This method will help in determining the relatively low surface area of the sand particles
which gr¢atly affect the soil movement that causes erosion and may leads to undercut of

pavement and building foundations. The gullies that may carve up cause unsafe condition of land

and expensive repairs.

2.1.3 Combined Analyses

This erﬁploys both sieve and the hydrometer tests, thus the definition of particle size of a
square opening for the largér grains .and the diameter of the equivalent sphere for the smaller soil
particles. The test procedure which should be followed depends on the soil in question. If ‘nearly
all its grains are so large that they cannot pass through square opening of 0.075mm (No.200

screen), the sieve analysis is preferable. For those soils which are nearly all finer than a No.200

12
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screen, the hydrometer test is recommended. For silt, silty clays, etc, which has a measurable
portion of their grains both coarser and finer than a No.200 sieve, the combined analysis is

needed (Dane and Topp, 2002).

The combined analyses deal mainly with soils that have both coarse and fine materials.
This method will help to detect the deterioration of the soil structure and quality as it affects its

ecosystem.

292 Particle Size Distribution of Soil (Classification Test)

People classify things in order to make sense of their world. From the time crops were
first cultivated, humans noticed differénces in soils and classified them, grouping them according
to their suitability for different uses by giving them descriptive names such as black cotton soils,
rice séils or olive soils. Other soil names still in common use today have geologicall
connotations, suggesting the parent materials from which the soil is formed. The natural body
’conc‘ept of soils recognizes the existence of individual entities, each of which we call a soil. In
‘tu,‘m,f we may aggregate these groups into categories of soil, each having some characteristics that
set them apart 4from others. There are no sharp demarcations between one soil individual and
another. Rather, there is a gradation in properties as one move from one soil individual to an
adjacent one (Brady and Weil, ‘2002).

In distinguishing the important soil and rock layers, engineering classifications based on
the nature and state of the soils should be used rather than the geological classifications which‘
are based on age. The naturle of a sc;il is described principally by the grading (the distribution of
particle sizes) and the mineralogy, while the state is described by the current water contént and

unit weight (together with the current stresses), (Atkinson, 1993).

13
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22.1 Measurement of Grading

The distribution of particle size is found by sieving and sedimentation. Soil is first passed
through a set of sieves with decreasing aperture size and the weight retained on each sieve is
recorded. The smallest practical sieve has an aperture size of about 0.075mm, corresponding
roughly to the division between silt and sand (Atkinson, 1993).

Atkinson (1993) also shown that a rapid estimate of grading can be made by
sedimentation in a jam or milk bottle. Take a sample about one-third or the height of the
 container, fill the container with water and shake it up. You can see and estimate the grading of
éravel, sand and silt; clay will remaiﬁ in >suspensi.on for a long time and any material floating on

the surface is likely to be organic (i.e. peat).

222 Measuremént of Water Content and Unit Weight

Water content or moisture content is the quantity of watet contained in a mineral, such as
soil (called soil moisture) or rocks on a volumetric or gravimetric basis (Soil Science o'f
America, 1996). The water content of a soil is mathemétically defined (Atkinson, 1993):

W,
W=—2 22
- 22)

~And the unit weight y_is defined as the weight of a éample divided by the volume of the same
sample in a cylinder. It is mathematically represented as (Atkinson, 1993):

w

7= 23)

Where,

y = unit weight of water (gcm'3).
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W, = weight of water evaporated by heating soil to 105°C (g)-

W, =weight of a dry soil (g)-

W = weight of a sample (Wy, + Wy) ().

V = volume (cm3 ).

These weights can be measured by simple weighing and the volume of a cylindrical or cubicb

sample determined by direct measurement (Atkinson, 1993).

23  Permeability of Soil

Water from rain’ is a primary requisite for parent material weathering and soil
development. To fully promote soil development, water must not only enter the profile and
parficipate in the weathering reactions; it must also percolate ;chrough the profile and translocate
soluble weathering i)roducts. More rain water infiltrate and leach through a coarse, sandy profile
than tight, clayey one, therefore the sandy profile can be said to experience a greater effective
permeability and more rapid soil development may be expected (Brady and Weil, 2002).

Darcy’s law showed experimentally that the rate of water (Q), flowing through soil of

cross-sectional area (A), was proportional to the imposed gradient (i) (Brady and Weil, 2002)

%ai ' | (2.4)

And - | Q=KiA
Where,

Q = volume quantity of water (cmzi.

K = coefficient of permeability'.

A = cross-sectional area (cm2).
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The coefficient of proportionality (K) has been called Darcy’s céefﬁcient of permeability
or coefficient of permeability. Thus permeability ié a property which indicates the ease with
which water will flow through the soil. Permeability enters all problems involving the flow of
* water through soils, such as seepage under dams, the squeezing out of water from a soil by
application of a load, and drainage of sub grade, dams, and backfills.

| Permeability depends on a number of factors, the main ones are:

o The size of soil grain;

(i)  The properties of the fluid which is viscosity, which in turn is sensitive to changes in

temperature;

@iiy  The voigi ratio of the soil whicvh is a factor of density hence the greater the void ratio the
Jower the density and the higher the pérmeability;

(iv)  Shapes and arrangement of pores which permeability depends on but this dependency is
difficult to express mathematically;

(v)  Degree of saturation which either causes an increase in permeability or a decrease in
permeability.

In general, the ability of water to flow through a soil is referred to as the soil’s
permeability. As you can probably guess, the permeability of sand is higher than that of clay due
to the increasing size of voids, which in turn increases the soil’s grain size. It is important to note
that permeabilify affects how quickly water can flow through the s;>il, just as the porosity of a

soil affects how much water it can hold (Soil Science Journal, 2004).

16




AT BTSSP

2.3.1 Permeability Test

Permeability test on soil samples is usually made with falling-head permeability or
constant-head permc;ability. This gives reliable for highly permeable materials such as clean
sands and gravels. In the constant head test, water from a ponstént head tank flows throﬁgh the
sample in a cylinder and is collected in measuring jar. Two stand pipes and the flow is in steady

state. This is mathematically represented as (Atkinson, 1993);

AQ

== 2.5
yy @.5)
From Darcy’s law (1956):

V=KiAnd Ki=22 2.6)
| AAI .

Wher‘e,

K= coefﬁcient of permeability.
A = cross-sectional area (cmz).
Q = quantity of flow (cm?).

t = time taken ().

24  Infiltration Capacity of Soil

The term infiltration refers specifically to entry of water into the soil surface. Infiltration
rate has the dimensio'r‘xs of volume per unit of time per unit of area. Infiltration should not be
confused with hydraulic conductivity or with soil capillary conductivity. Infiltration is the sole
source of soil water to sustain the growth of vegetation and of the ground water supply of wells,

springs, and streams (Schwab et al, 1993).

17




ST TN T e

Brady and Weil (2002) defined infiltration as the process by which water enters the soil
pore spaces to becomes soil water and the rate at which water can enter the soil is termed the

infiltrability (i). It is mathematically represented as;

_Q o :
i=-= Q.7

Where,

Q =volume quaritity of water (cm2).
A = area of soil surféce (cm®).
t=time (s).

The movement of water into the soil by infiltration may be limited by any restriction to
the flow of water through the soil profile. The most important items influencing the rate of
infiltration have to do with the physical characteristics of the soil and the cover on the soil
surface, but such other factors as soil water, temperature, and rainfall intensity are also involved
.(Schwab et al, 1993).

Infiltration rate in soil science is a measure of the rate at which soil is able to absorb
"rainfall or irrigation. It is measured in inches per hour or millimeter per hour. The rate decreases
as the soil becomes saturated. If the precipitation rate or rainfall intensify at the soil exceeds the
infiltration rate, ponding begins and this is followed by rﬁnoff unless there are some physical -
barriers. Infiltration is governed by two forces; gravity and capillary action. While similar pores
offer greater resistance to gravity, very small pores pull water through capillary action in

addition to and even the force of gravity (Soil Science Journal, 2004).
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The Soil chience Journal (2004) also maintained that the process of infiltration can
continue if there is room available for additional water at the soil surface. The available volume
for additional water in the soil depends on the porosity of the soil and the rate at which

o
previously infiltrated water can move away from the surface through the soil. The maximum rate
that water can enter a soil in a govern condition is the infiltration capacity.

The infiltration capacity of a soil may be easily measured using a simple device kﬁown as
double ring infiltrometer. Two heavy metal cylinders one smaller in diameter than the other, are
pressed partially into the soil so that the smaller is inside the larger. A layer of cheesecloth is
placed inside the rings to protect the soil surface from disturbance, and water is poured mto both
cylinders. The depth of water in the central cylinder is then recorded periodically as the water
infiltrates the soil (Brady and Weil, 2002).

The entire hydrologic system of a soil is sometimes analyzed using hydrology transport

models, mathematical models that consider infiltration runoff and channel flow to predict river

flow rates and stream water quality (Soil Science Journal, 2004).

2.5 Hydraulic Conductivity of Soil

Soil contains a large distribution of pore sizes and channels through which water may
flow. The exact geometry of these openings is unknown instead; averages are taken over many
pores. to define microscopic flow equations to describe movement of water through | porous
media. Any vfactor affecting the size and configuration of éoil pores will influence hydrauliq
ponductivity.‘ The quality Wof water. per unit of time that flows through a column of saturated soil

can be expressed by Darcy’s law as follows (Brady and Weil, 2002);
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Where,
Q = quantity of water per unit time (cm3hr'l).
Ko = saturated hydraulic conductivity (emhrh. .

A = cross-sectional area (cm’z).

Ag = change in water potential between ends of the column (cm).

L = length of the column (cm).
Three types of water movement within the soil are recognized:
1 Saturated flow;
(i)  Unsaturated flow; and
(iii)  Vapour flow.
In all cases water flows in response to energy gradient, with water moving from a zone of
higher potential to one of lower potential. Saturated flow takes place when the soil pores are
completely filled v;/ith water. Unsaturated flow occurs when the larger pores in the soil are filled

wit .air,leavine only the smaller pores to hold and transmit water. Vapour movement occurs as

vapour pressure difference develop in relatively dry soils.

Brady and Weil (2062) test:é&ﬁmﬁ‘i"éhs.howed that sandy soils generally have higher
saturated conductivities than finer-textured soils because they usually have more macro space.
Likewise, soils with stable granular structure conduct water more rapidly than those with

unstable structure units, which break down upon being wetted.

2.6 Structural Stability of Soil

Aggregate size and stability are interrelated concepts in the description of soil structure

using fragmentation procedures and associated indices for assessing soil a egation, based on
) )
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the size di‘stribution.and stability of .fragments after mechanical disruption. Soil aggregation can
be viewed as the arrangement of primary soil particles_ into hierarchical structural units,
identified on the basis of varying failure zone strengths reflecting the characteristics of both void
and solid phases (Dekker, 2002).

Dekker (2002) also confirmed that direct characteristics of soil aggregation can be
performed by describing morphological features in the field using image analysis techniques or
By measuring the size distribution and connectivity of pores. Other procednres are based on the
partial breakdown of structural units by dispersion or fragmentation, and evaluation of the
resulting fragment size distribution. With application of high-energy stress, the resulting
fragment size distribution will be independent of further increments in stress and more closely
related to the sizes of primary soil ‘particles (e.g. sand,"silt, clay) than aggregates. Soil
fragmentation rarely implies complete disruption of aggregates and be performed under dry,
moist, or saturated conditions.

Soil ua}ity considers the soil fitness for any given function, such as those concerned

with biological product Mbulldlngs foundation or disposal waste. Soil quality is the capacity of
a soil to function within (and somelil..euxde) its ecosystem boundaries to sustain biological
productivity and diversity, maintain envirOnmental quality; and promote plant and animal health.

The soil’s ability to perform a desired function is often dependent on one or more dynamic

physical, chemical or biological processes that occur in soil ecosystem (Brady and Weil, 2002).

2.7  Porosity of Soil

Porosxty consists of a portion occupied by soil air and another occupied by soil water. The

fraction of the bulk volume of soil that is occupled by water and air ranges from about 0.3 to 0.6.
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It is high in a soil composed of particles Qf a range of sizes that are loosely packed together. The
pore spaces exists because of inevitable gaps in the parking of particles and because of
disturbanccs including those due to roots, soil animals, swelling, cracking or shrinking. Pore
space allows soil to act as a medium for the movement of water and air (Jury et al, 1991.

Jury et al (1991) showed that porosity is equal to one minus the solid volume fraction. It is

mathematically represented as:

v (2.9)-

28  Compaction of Soil

Compaction is a process whereby the constituent of soil are rearranged as a result of
gdditional load which also can cause reduction in the inter-granular spaces in the soil sample.
stabilized. It is the most popular means of stabilizing soils and it is achieved by applying load on
3 soil-eample-and resulting in more compact (denser) soil sample and this is accompanied by

. - )&" - . - .
expulsion of air from the Soil sample thereby decreasing the void ratio.

%,

.
Cor‘lnpaction can also be defined-as-a.process by which soil particles are constrained to

pack more closély through the expulsion of air voids as a result of additional load. This is the
mechaniéal way of stabilizing soils, which is characterized by reduction in permeability of the
soil while the shear sttength and unit weight are increased. As compaction process increases, the .
soil becomes more comprcssed dePending on the grain size of the soi}. |
Howévef, compac;tion differs from consolidation; consolidation of soil expels water as
compactive energy which is a measure of mechanical energy applied to the soil mass. The grain

size of a soil sample determines the compactive energy applied, therefore, the coarser the
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sample, the-higher the energy the energy level of compaction applied and the reverse is the case

for fine-grained soil sample. As compaction increases, dry density increases and moisture

content decreases. There are three (3) levels of compaction;

1) Standard America Association of State Highway Transportation Official (AASHTO)
level; |

(ii Modified AASH’;O level;

(iii) West Africa level.
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CHAPTER THREE

3.0 METHODS AND MATERIALS
3.1  Description of the Study Area

Structural feature and rweathering pattern in the area wére carefully studied. The study
area (i.e. River Chanchaga) 1s located along Minna-Chanchaga -Suleja road and lies between
Jatitude 9°30°N and 9%33*N of the equator and longitude 6034‘Ev and 6°37°E of Greenwich
meridian. It is low lying terrain and is easily accessible. The erosion soil deposited is drained by
the seasonal River Chanchagé system and associated tributaries (Oke et al.2009).

The climate condition of the area is genérally classified as part of the tropical climate
with alternating wet and dry seasons with heavy rainfall in the wet season (from April to
October) and little or no rainfall in the dry season (October to March). The study area has a mean
annual rainfall of about 1100mm to 1332mm. The highest mean monthly rainfall is iﬁ September
with about 240mm to 300mm, and the rﬁonthly temperature is highest in March at about 32°C
ande;»w%sf«mmAggi at about 26°C. It is important to note that Minna lies within the middle belt

N

of Nigeria in a tran;izfo'naLfone between the humid belt and the dry Sudan-shade (Federal
Meteorology Minna Airport, l\jl?r:;f:ifN;g«fc\r&itate).

The soil is heterogeneous and twow types were identified: brown, clayey, silty, and -
gravely sand; and brown, gravely, clayey and silty sand. The soil cohesion ranges from 9KN/m?

to 27.50KN/m’* while the angle of internal friction (9) range from 15° to 35°. The comprehension

index is of the order 0.11 to 0.74. ‘
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3.2 Experimental Procedure
3.2.1 Methods/Samplings

Preliminary study where carried out by examining existing literature about the study area.
:This was followed by a reconnaissance survey to examine all available soil and rock unit in the
River Chaﬁchaga area. Field work commenced from July 10™ 2009 and lasted through 12" July
2009. A total of ten trial pits, five from the river bed soil and the other five from the erosion soil
deposited were dug using a cylindrical Ihand Angler. Undistributed soil samples were’collécted at
a depth of between 31cm-38cm for the river soil and 50cm for the soil deposited by erosion
below the natural ground level. Ten soil samples were obtained for laboratory analysis. An ester
GPS was used to the location and elévation of the trial pits érea.

The soil samples were taken down the profile from two different locations within the

River Chanchaga and its bank. In each of the two locations, five samples from different horizon

(each 5Sm from the location of the first sample) down the profile were used for the physical-

investigation. The samples obtained within the river bed were spread out on trays and left to dry

Yl -

in the laboratory for four days; while those of the erosion were left to dry for only two days. This
was done because the water content of the samples obtained from the river bed contained more

e,
water compare to those of the erosion soil.

3.2.2 Laboratory Test

Soil samples were collected from the ten trial pits and analyzed at the Dantata and Sawoe
soil laboratory in Abuja; and soil science laboratory, Federal University of Technology (FUT)

Minna for relevant geotechnical parameters.

The test were sieve analysis, compaction test, specific gravity, absorption test which were -

carried out at Dantata and Sawoe laboratory; and hydraulic conductivity test at FUT, Minna.
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Laboratory investigation can be divided into two which are:
1. Pre-test preparation

il Engineering test

322.]1 Pre-Test Preparation

This is air-drying sample for a period of about -3 weeks due to the degree of wetness
of the sand. This is important because air dried sample are ideal for geotechnical investigation. It

is a step necessary so as to obtain a dependable result.

13222 Engineering Test

This test are carried out to know the suitability of the sand as compacted materials, road

performance characteristics etc. The laboratory investigation involved in the engineering test is

classification test” which include grain, size distribution and specific determination and

geotechnical test.

3.3 ‘Methods Used for the Tests

Sieye analysis was carried out by sieving some quantity of soil through a set sieve using
the British Standard (BS) sieve teét. The various apparatus used were British standard sieve set
with aperture ascription; electronic scale, mechanical sieve shaker, panpand brush. The various
procedure or step taken during the test is attached as'Appe.ndix A and results were obtained.

Compaction t;:st was done to know the Optimum Moisture Content (OMC) and
Maximuﬁl Dry Density (MDD) using the modifier proctor test.due fo the soil days on water. The
material need to carry out the test were measuring scale and cylinder; modified proctor-mould;

4.5kg and 2.5kg hammers; straight edges knife; filter paper; head pan; sieve (19.0mm); scop;
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dice; mallet; tray pan. The procedures taken in carryi‘ng out this test are attached as appendix B
and results were recorded.

The specific gravity which may be expressed as bulk specific gravity is the
characteristics gcnerally used for the calculation of the volume occupied by the sand or
aggregate in various mixtures and also in the compaction of voids in particle. To determine
specific gravity, a Sample is immersed in water for 24 hours in order for the water to fill the
pores. Water will then be removed from the sand and kept to dry out from the surface of the
particles. The water removed and the oven dried particles are weighed on a balance. The
apparatus used during the bcourse of this test are balanced; sample container, water tank, sieve,
pycometer bottle. The procedures foliowed in getting the results are attached as Appendix C.

The absorption test is used to calculate the changes in weight of either the river soil or
. erosion soil deposited, to the water absorbed in the pores space within the constituent particles.
The Laboratory standard for absorption is that obtained after submerging dry material for more
‘ c;r less than 24 hours in water and then dried. The steps taken to obtain the results are more or
less the sarﬁe with thét of the specific gravity and are attached as appendix D. The various
apparatus used during the test'are oven, moisture container, electronics scale, and glass plate.

For the saturated hydraulic conductivity measurement, soil samples are collected for both
the river and erosion soil in an undisturbed form using core samplers which served as retainer for
the soil and taken to the 1aboratofy. The bottom end of the core samplers are sealed with a
muslin sheet émd completely saturated for a day by placing them in a basin filled with water to
about 4cm. The éxperimer;t will tl;en be set up by attaching another empty core sampler to the
top of the filled core sampler with the aid of a cellotape. They are then placed on a permé;clmeter

rack clamped to a retort stand vertically. The materials used are retort-stand; funnel; core rings or
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cylinder; clock; permeameter rack; graduated beaker. Thé procedures for the test are attached as
Appendix E and results were recorded.

The atterberg limit test is designed to determine the engineering properties of fine
grained soil particles. Atterberg limits are define as the water content at which the consistency of
a soil changes from one state to another (Bell, 1999). They are called the shrinkage, plastic and
liquid limit. This test is also aimed at classifing fine grained soil.

The atterberg limit test is divided into two; which are:

Liquid Limit Test: The liquid limit of a soil is the emperically established moisture content at
which a soil changes from the 'liquid state to the plastic state (Jones et al,1992) The casagrande
method of liquid limit test was adobted in testing they sdil samples from the study area.- The
following apparatus were atilized in carring out the liquid limit test;Casagreande’s liquid limit
device, three sample cans, grooving tools, mixing treys, spatula, oven, and 425um siéve. The
procedures adopted in barring out this test are attached as Appendix F. |

Plastic Limit Test: plastic limit is the emperically established moisture content at which a soil
becomes too try to be plastic (Jones et al, 1992). The apparatus for this test include; a flat glass
plate, spatula, plastic limit device, a rod with a diameter of 3mm and length of about 100mm.

The procedures taken for this test are attached as Appendix G.
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CHAPTER FOUR
40 RESULTS AND DISCUSSION

4.1 Presentation or Results

The overburden unit in the area comprises of a suit of brown lateritic soil. The soils in
the study area were found to contain a higher percentage of sand, silt, clay sized particles mixéd
with a low .percentage of gravel. During the time of the field observation, the natural moisture
content of the soils was relatively high. The reason is that the soils were collected frozm River

Chacnhaga and its bank. At the maximum trial pit depth of the soil deposited by erosion (ie.

50cm), no crystalline rock was encountered in the pit.

4.1.1 Sieve Analysis

The results of the sieve or mechanical analysis are generally presented by semi-log
known as particle size distribution. The particle diameters are plotted on the log scale and the
corresponding percentage timer are plotted on the arithmetic scale. The general slope has the
shape of the distribution and it is described by means of soma constant such as effective size,
uniformity coefficient and coefficient 0f gradation. These terms are denoted as Dio, Cu and Cc
respectively.

It is important to note that particle size distribution curve shows both the range of particle |
size present in the so_ﬂ as well as the manner in which variation occurs. The summary of the
sieve anglysis results containing the percentage pass’ing for the river bed soil and soil deposited

i

by erosion are shown in Tables 4.1 and 4.2 respecfively while the summary of the percentage

quantity of particle size results for the river soil and !erosion soil are shown in Tables 4.3 and 4.4

respectively.
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Table 4.1: Summary of the Sieve Analysis Result for the River Soil.

Sieve 38.1 254 19.04 12.70 9,52 4.76 2.36 1.18 600um 300um 150pum 75um
Set '

(mm)
Trial Pit Percent Passing
No.

1 100 99.6 946 840 63.5 382 16.9 3.6 0.8
2 100 946 709 43.0 235 9.8 1.7 0.7
3 100 987 931 796 571 323 13.5 3.4 1.0
4 100 964 852 638 373 134 2.5 0.4
5 100 98.8 920 782 56.0 32.1 12.4 3.3 0.6

Average 100 99.4 941 79.6 56.7 327 13.2 2.9 0.7

Table 4.2: Summary of the Sieve Analysis Result for the Soi! deposited by Erosion.

Sieve 38.1 254 19.04 12.70 9.52 476 236 1.18 600pm 300pm 150pum 75um
Set "

(mm)
Trial Percent Passing
Pit .
No. ‘
6 _ 100 976 762 542 312 15.1 3.0 0.7
7 100 973 762 532 312 13.7 2.9 0.8
8 100 99.7 945 837 629 378 16.6 33 0.5
9 ' 100 98.8 952 887 759 42.8 9.3 0.5
10 100 942 675 423 214 8.0 1.7 0.6
Average 100 99.9 965 79.8 603 395 19.2 4.0 0.6

L

Tabled.3: Sieve Analysis Result Indicating Percentage (%) Quantity of Particle Sizes of the

River Soil. :
_Trial Pit Depth(m) % of % of % of Silt  Coefficient of Coefficient of
~ No. ~ Gravel Sand + Clay  Uniformity(Cu) Curvature(Cc)
1 0.28 18.0 81.50 0.50 5.57 0.36 ‘
2 0.31 35.0 64.70 0.30 6.33 0.44
3 0.33 340 - 65.10 0.90 3.00 0.75
4 0.35 20.0 79.77 0.23 4.72 2.36
5 0.38 27.0 75.58 042 4.72 0.85
Average 26.8 73.33 047 4.87 0.95
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Tabled.4: Sieve Analysis Result Indicating Percentage (%) Quantity of Particle Sizes of the Soil

deposited by Erosion.
Trial Pit Depth(m) %oof % of % of Silt Coefficient of Coefficient “of
No. Gravel Sand + Clay Uniformity(Cu) Curvature(Cc)
6 0.5 28.0 71.69 0.31 6.67 3.47
7 0.5 28.0 71.55 0.45 5.32 0.18
8 0.5 29.0 70.80 0.20 7.41 0.83
9 0.5 6.0 93.80 0.20 3.28 0.77
10 0.5 35.0 64.78 0.22 3.08 0.45
Average - 252 74.52 0.28 5.15 1.14

:4.1.2 Compaction Test

The water content is from the top and base of the compacted soil forming appropriate
method of the moisture content determination. With the values of moisture content and the wet
bulk density, dry density is c;alculated as follows:

) f Weight of water x 100
Moisture Content =

Weight of dry soil

Weight of compacted soil x 100

Wet density (kg/m3) = volume of mould

Wet density x 100
Dry density (kg/m3) = Y
100+ moisture content

Tables 4.5 and 4.6 show the wet and dry densities, and the moisture content results for the river

soil while tables 4.7 and 4.8 show that for the soil deposited by erosion.
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Table 4.5: Wowc:m of Wet and Dry Densities of the River Soil.

Trial Pit 1 Trial Pit 2 Trial Pit3 Trial Pit 4 Trial Pit 5

Sample No. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Water Added (%) 2 4 6 4 6 8 4 6 8 4 6 8 2 4 6
weight of Mould(g) 2361 2361 2361 2361 2361 2361 2330 2330 7330 2361 2361 2361 2361 2361 2361
Weight of Mould + Wet Soil (g) 4000 4066 4084 4010 4076 4094 4096 4190 4213 4077 4160 4129 4220 4283 4269
Weight of Wet Soil (g) 1639 1705 1723 1649 1715 1733 1766 1860 1883 1716 1799 1768 1838 1922 1909
Volume of Mould AoBJ 942 942 942 942 942 942 942 942 042 942 942 942 942 0942 942
Wet Density aﬁma.uv 1739.9 1809.9 1829.1 1750.5 1820.6 1839.7 1874.7 1974.5 1998.9 1821.7.1809.8 1876.9 1973.5 2040.3 2025.5
Dry Density ?m\BJ 1704.1 1738.6 1712.6 1683.2 1695.2 1683.2 1782 1843.6 1838.9 1733.3 1791.6 1717.2 1865.3 1889.2 1848.1
Average Wet Density mwm\BJ 1792.9 1803.6 1949.4 1869.5 2013.1
Average Dry Densi Qnm\BJ 1718.4 1687.2 , 1821.5 1747.4 1867.5
Table 4.6: Moisture Content Results for the River Soil.

Trial Pit 1 Trial Pit 2 Trial Pit3 Trial Pit4 Hlm‘_ Pit 5
Sample No. 1 2 3 1 2 3 1 2 3 1 2 3 1- 2 3
Container No. 401 402 407 408 409 500 101 102 103 104 105 106 11 12 13 14 ‘15 16 221 223 224 225 222 226 H: 112 113 114 115 116
Weight of Water(g) 18 1.9 25 25 42 42 24 24 41 40 5.0 52 37 34 46 37 61 5.4 5.1 33 40 41 53 52 33 33 50 47 56 55
Weight of Container + Wet . . .
Soil(g) :w..o 117.4 93.5 89.693.9 93.992.591.591.5 mw.mm:_ 92.2100.998.792.7 88.2 100.098.493.194.993.2 93.289.589.586.888.993.4 93.5 90.7 91.7
Weight of Container + Dry
Soil(g) 111.2115.591.0 871 89.789.788.687.584.281.2 §2.282.897.2 95.388.184.5 93.9 93.090.191.689.289.1 84.627.783.585.688.488.8 85.1 86.2
Weight of Dry Soil(g) 858 902 632 59.9 62.162.260.959.956.5 53.754.555.269.6 67.5 60.356.866.3 65.562.464.4 61.261.456.656.656.158.2 61.061.1 57.8 584
iommgomdonﬁmuﬁﬁv 254 253 27.8 Nq.wmq.qu.wmqhNq.awq.qw.\..qu.qmq.mmq.m Nq.wmq.wwq.mmq.m wq.m,uq.mmq.wwmbwﬁqMq.qu.qwq.pwqhwqhmq.q 276 27.8
Moisture Content (%) 21 21 40 42 68 68 39 40 73 7.4 9.2 94 53. 50 7.6 65 9.2 82 5.0 51 65 6.7 94 9.2 59 5.7 82 .q.q 97 94
Average Moisture Content (%o} 2.1 4.1 6.8 4.0 ‘74 ¢ 93 5.2 7.1 8.7 5.1 6.6 9.3 5.8 8.0 9.6
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Table 4.7: Results of Wet and Dry Densities of the Soil deposited by Erosion.

Trial Pit 6 Trial Pit 7 Trial Pit 8 Trial Pit 9 Trial Pit 10

Sample No. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Water Added (%) 2 4 6 5 7 9 4 6 8 4 6 8 4 6 8
weight of Mould(g) 2330 2330 2330 2330 2330 2330 2361 2361 2361 2341 2341 2341 2361 2361 2361
Weight of Mould + Wet Soil (g) 4013 4110 4160 4035 4129 4206 4110 4190 4200 4044 4102 4090 4076 4213 4272
Weight of Wet Soil (g) 1683 1780 1830 1705 1799 1876 1749 1829 1839 1703 1761 1749 1715 1852 1911
Volume of Mould (cm’) 042 942 942 942 942 942 942 942 942 940 940 940 942 © 942 942
Wet Density (kgm™) 1786.6 1889.6 1942.71809.81909.9 1991 51856.71941.61952.21811.71873.4 1860.61820.6 1966.02028.7
Dry Density (kg/m) 1708.0 1775.9 1793.81717.21771.71813.8 1746.71769.9 1746.21714.01739.51697.6 1747.21859.91859.5
Average Wet Density cmm\Buv 1872.9 1903.7 , 1916.8 1848.6 1938.4
Average Dry Density G@\BJ 1759.2 1767.5 1754.3- 1717.0 1822.2

Table 4.8: Moisture Content Results for the Soil deposited by Erosion.

e, 0

Trial Pit 6 Trial Pit 7 Trial Pit 8 Trial Pit9 Trial Pit 10
Sample no. 1 2 3 1 2 3 1 2 3 1 2 301 2
Container No. 401 402 403 404 405 406 001 002 003 004 005 006 501 502 503 504 505 506 201 202 203 204 205206 300 301 302 303 304 305
‘ Weight of Water(g) 30 3.0 3.9 4.1 47 47 29 30 54 47 57 66 36 3.5 64 62 7272 38 3.3 41 50 57 58 2.0 2.3 3.0 3.0 45 45

Weight of Container + Wet Soil(g) 95.496.6 94.794.288.389.590.880.896.899.3 94.099.6 84.8 89.798.0100.095.596.8 96.694.092.291.091.794.880.282.280.5 84.883.8 79.4
Weight of Container + Dry Soil(g) 92.4 93.690.890.183.684.887.977.891.4 94.388.393.081.886.291.693.8 88.389.6 92.890.7 86.986.086.089.078.279.777.581.879.3 74.9

Weight of Dry Soil(g) 64.866.063.062.555.957.060.3 50.263.766.760.565.354.258.464.0 66.1 60.662.062.563.159.258.559.561.2 50.452.249.954.051.5 47.2
: Weight of Container(g) N.\.qu.mmq.wNq.mNq.qw.\.wwq.mmq.qu.qwq.qu.mN.\.qw.\.mmq.qu.mmq.q N.\.‘\Nq.mwo.uN.\.qu.qwﬁmNm.mNq.mmq.wmq.mmq.mmq.wwq.w 21.5
W Moisture Content (%) 46 4.5 62 6.6 w.p.m.m 48 6.0 8.5 7.0 9.4 10.16.6 6.0 10.09.4 11.911.66.1 52 6.9 85 9.6 9.5 4.0 44 6.0 5.6 87 9.5
W Average Moisture Content (%) 4.6 6.4 8.3 54 7.8 9.8 6.3 9.7 11.8 5.7 1.7 9.6 4.2 5.7



413  Absorption Test And Specific Gravity

The bulk specific gravity is generally used for the calculation of the volume occupied by
soil or aggregate in various mixtures including Portland cement concrete, bituminous concrete
and other mixtures that are proportioned or analyzed on an absolute volume basis. It is used in
the computation of voids in particles. The bulk specific gravity (SSD) is used if the soil is wet, .
that is if absorption has been satisfied while the bulk specific gravity (oven dried) is used when
the soii is dried or assumed to be dried.

Absorption is the increase in the weight of soil due to the water in the pores of the
'mate‘rial but not including water adhering to the outside surface of the particles, expressed as a
‘poﬁrcentage of the dry weight. Thereforé, the absorption test was carried out in order to determine
or calculate the change in weight of both the river soil and erosion soil due to the water absorbed
in the material pores space. Tables 4.9 and 4.10 below show absorption test results and the bulk
specific gravity results of tho river soil and the soil deposited by erosion respectively. The
absorption, bulk specific gravities and apparent specific gravity were calculated as:

A-Bx100
B

Absorption (%) =

Bulk Specific Gravity (SSD) [kg/d 1=
ulk Specific Gravity ( ) [kg/dm’] A+C—D

Bulk Specific Gravit oven-dried) [k dm?] = .
P y(.. ) [kg/dm®] =-="="5

B
B+C-D

Apparent Speoiﬁc Gravity =

34




deposited by erosion respectively.

Table 4.9: Absorption test and Specific Gravity Results for the River Soil.

Tables 4.9 and 4.10 below show th mwwo%mos test results and the bulk specific gravity results of the river soil and the soil

Trial Pit1 Trial Pit2  Trial Pit 3

Trial Pit4 Trial Pit3

Sample No. A B
A Weight of Wet sample(g)
B Weight of oven-dried sample(g)
C -~ weight of Pycnometer bottle + water(g)

D Pycnometer bottle + water + sample(g)

E  Absorption (%) 13.64 13.00 1331 14.00 1471 16.94
F  Bulk specific Gravity(SSD)[kg/dm’) © 216 224 219 217 205
G Bulk specific Gravity(oven dried)[kg/dm’] 190 198 193 19 179
H  Apparent specific gravity(ASG) 257 2.68 260 260 242
Average Absorption (%) : 13.32 13.66 15.83
Average Bulk specific Gravity(SSD)[kg/dm’] 2.20 2.18 2.05
Average Bulk specific Gravity(oven aammvam\mBJ 1.94 1.92 1.77
2.60 2.46

Average Apparent specific gravity - 2.62

B

5682 565.0 566.8 570.0 575.

500.0 500.0 500.2 500.0 5

1978.5 1999.3 1972.8 2002.

2283.6 2312.4 2280.9 2310.

B

2.05

1.76

2.50

A B

14.59 13.82
212 212
1.85 1.85

2,53  2.51

14.21
212

1.86

2.52

A B

3 589.4 573.3 569.9 5719 575.1
01.5 504.0 500.3 500.7 500.0 500.0

9 1979.8 2001.7 Eqw.m.woo».m 1970.3 2000.4

3 2274.2 2304.0 2277.5 2306.0 2275.7 2305.1

1538 15.02
215 213
1.88 1.85
2.86 2.56
14.70
2.14
1.86

27N




Table 4.10: Asorption Test and Specific Gravity Results for the Soil deposited Erosion.

Trial Pit6 TrialPit7 Trial Pit8 Trial Pit9 Trial Pit10

@

[

Sample No. . A B A B A B A B A B

Weight of Wet sample(g) 588.0 585.0 587.0 5978.8 580.0 589.6 592.5 586.5 580.2 583.4

Weight of oven-dried mmE.EmAmv 500.9 500.1 500.6 500.0 500.7 500.4 500.0 500.1 500.0 500.0

Weight of Pycnometer bottle + water(g) 1970.2 1992.2 1969.9 1999.6 1976.8 2000.2 1973.0 2003.0 1975.1 2000.0

Pycnometer bottle + water + sample(g) 2278.1 2304.6 2277.9 2307.7 2270.8 2300.6 2282.6 2313.7 2280.4 2311.5

Absorption (%) 1739 16.98 17.23 19.56 15.84 17.83 18.50 17.28 16.04 16.68

Bulk specific ﬂﬁméﬁmwdv?m\aad 210 2.15 2.10 206 2.02 204 209 213 211 225

Bulk specific Gravity(oven aama:wm\aﬁd | 179 1.8 179 173 L73 173 177 181 182 1.84 :
Apparent specific gravity(ASG) 260 2.66 260 261 242 250 2.63 264 257 2.65

Average Absorption (%) 17.18 18.40 16.84 17.89 16.36 :
Average Bulk specific QS&Q?Q&BJ 2.12 2.08 2.03 N.‘.: . 213

Average Bulk specific Gravity(oven aaa&?m\aBJ 1.81 1.76 1.74 1.79 1.83

Average Apparent specific gravity 2.63 2.60 2.46 2.64 2.61




4.1.4 Saturafed Hydraulic Conductivity

In soils with abrupt horizon changes, corrésponding changes in the hydraulic

conductivity values can have scrious effects on the irrigation or drainage water within the profile.

Conductivity increases with increase in sand and decreases with increase in clay. The texture

and structure of a soil horizon mostly determine its saturated hydraulic conductivity because they

ﬁsually have more macro-pore space; sandy soils generally have higher hydraulic conductivity.

! The test results of the hydraulic conductivity for the soil deposited by erosion is shown in Table

1 4.11 while Table 4.12 shows that for the river soil.

Table 4.11: Result of the Hydraulic ‘Conductivity Test for the Soil deposited by Erosion.

Trial Pit Profile Core Volume of Saturated hydraulic Elapsed
No. Depth(m) Rings Water(cm3) Conductivity(Ksa) [cm/hr) Time(min) -
‘ No. ‘

6 0.5 5 30.5 18.72 5

7 05 18 25.0 15.34 5

8 0.5 8 24.5 15.04 5

9 0.5 1 26.2 16.08 5

10 0.5 16 30.2 18.54 5
. Average 27.3 16.74 5

~ Table 4.12: Result of the Hydraulic Conductivity Test for the River Soil.

Trial Pit Profile Core Volume of Saturated hydraulic Elapsed

No. Depth(m) Rings Water(cms) Conductivity(Ksae) [cm/hr) Time(min)

No.

1 028 - 7 28.2 17.31 5

2 0.31 10 22.5 ' 13.81 5

3 033 13 17.9 - 10.99 5

4 0.35 14 0 35.8 15.83 5

5 0.38 2 27.0 16.57 5
Average ‘ - 243 '14.90 5
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415 Atterberg Limits Test

The results of the Atterberg limits test for the river soil are presented in Table 4.14
while that for the soil deposited by erosion are in Table 4.15. The mean or average values for the
liquid limit, plastic limit and plasticity index for the soil deposited by erosion are 40.5%, 18.7%
and 21.8% respectively and that for the river soil are 48.5%, 20.2% and 28.6%.respecti'vely.
Table 4.16 and 4.17 show the classifications of the river soil and the soil deposited by erosion
using the Unified Classification-Scheme (USCS) and British Soil Classification Scheme (BSCS)
respectively.

Table 4.13: Clay shrinkage potentials (Curtin et al, 1997)

Plasticity Index Clay Fréction (%) Shrinkage Potential

" Greater than 35 Greater than 95 Very High
22-48 - 60-95 High
12-32 30-60 Medium

Less than 12 Less than 32 - Low

Table 4.14: Summary of Results obtained from Atterberg Limit and Compaction Tests for the
River Soil.

Trial Pit Depth Atterberg Limit Shrinkage Cc=0.009(LL- Compaction
No. (m) Potentials  10) Test

LL. PL(%) PL - OMC MDD

(%) (%) %) (kg/m’)
T 028 261 158 . 104 Low 0.144 37 1745
2 031 488 234 254  Medium  0.350 58 1695
3 033 599 253 357  High 0.450 75 1850
4 035 581 216 365 High 0433 66 1790
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5 0.38 49.8 14.9 34.9 Medium 0.360 7.4 1890

Average 485 202 28.6 0347 64 1794

Table 4.15: Summary of Results obtained from Atterberg Limit and Compaction Tests for the
Soil deposited by Erosion.

Trial Pit Depth Atterberg Limit ‘ Shrinkage Cc=0.009(LL- Compaction
No. (m) Potentials  10) Test
LL PL (%) PL OMC MDD
(%) (%) %) (kg/m’)
6 0.5 552 238 314  Medium 0410 - 8.1 1795
7 - 0.5 37.8 159 219 Medium  0.250 9.5 1815
8 0.5 36.4 17.3 19.1  Medium 0.240 9.1 1770
9 0.5 42.3 20.6 217 Low 0.291 7.3 1740
10 0.5 30.8  16.1 147 Low 0.187 7.5 1750
Average 405 187 218 83 1774

Table 4.16: Classification of the River Soil and Erosion Soil using the Unified Soil Classification
Scheme (U.S.C.S)

Trial Liquid  Plasticity U.S.C.S Soil Description
pit No. Limit  Index PI
- LL (%) (%)

1 26.1. 104 SC/ SM Brdwn,gravelly,clayey,silty
SAND

2 488 254  SC/SM Brown,gravelly,clayey,silty
| SAND

3 | ‘ 59.9 35.7 SC/SM Brown,gravelly,clayey,silty
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SAND

4 58.1 36.5 SC/SM Brown,gravelly,clayey,silty
SAND
5 49.8 34.9 SC/SM  Brown,gravelly,clayey,silty ‘
SAND
6 552 314 MH/CH Brown,gravelly,clayey,silty
SAND
7 37.8 21.9 CL/ML Brown,gravelly,sandy,clayey,
SAND
8 36.4 19.1 SC/SM Brown,gravelly,clayey,silty
SAND
9 42.3 21.7 CL/ML Brown,gravelly,sandy.clayy.
SAND »
10 30.8 14.7 CL/ML BroWn,gravelly,sandy,clayey,
SAND

Tablé 4.17: Classification of the River Soil and Efosion Soil using the British Soil Classification
Scheme (BSCS)

Trial Liquid Plasticity B.S.C.S Soil Description
pit No.  Limit Index PI
LL (%) (%)

1 o 26.1 10.4 FG/CLG Brown,gravelly,clayey,silty
: SAND
2 48.8 25.4 FG/CLG Brown, gravelly,clayey,silty
| SAND |
3 599 357 FG/CHG Brown,gravelly,clayey,silty
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\

SAND

4 58.1 36.5 FG/CLG Brown,gravelly,clayey,silty
SAND

5 49.8 34.9 FG/CLG Brown,gravelly,clayey,silty
SAND

6 55.2 314 "FG/CLG Brown,gravelly,clayey,silty
SAND

7 37.8 21.9 FG/CIG Brown,gravelly,sandy,clayey,
SAND

8 36.4 19.1 - FG/CLG Brown,gravelly,clayey,silty
SAND

9 42.3 21.7 FG/CIG Brown,gra\}elly,sandy,clayey,
SAND

10 30.8 14.7 FG/CIG Brown,gravelly,sandy,clayey,
SAND

4.2 Discussion of Results
42.1 Physical Parameters
The particle size distribution curves of the river soil are illustrated in figures 4.1-4.5
while that of the soil déposited by erosion are in figures 4.6-4.10. One type of curve was
identified. The whole of thev‘scil samples have the ratio of sand > gravel > silt + clay (brown,
clay:?y, silty, graveiy sand). "fhe group of soil is classified as FG/CLG according to the British

scheme (Curtain et.al, 1997).
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The optimum moisture content and maximum dry Aensity of the river soil are 6.4% and
7941-(g/rn3 respectively while‘ that for‘ the éoil deposited by erosion are 8.3% and 1774~kg/rn3
espe?:tively. The normal soils like those in the tropics, water content at saturation decreases
eéause of the increase in clay content, this is reflected in the ﬁver soil. Thevincrease in

bercentage saturation is as a result of increase in sand content in the soil deposited by erosion.

ontrol as a result of reduction of particle orientation and reduction in size of the largest flow
hannels. As compactiong increases, the dry densities increases and the moisture content
ecreases. The laboratory measured bulk densities are higher in the river soil due to the high clay

ontent of the river soil than those of the soil depoéited by erosion due to its high sand content.

ected by compaction, the more the compaction the higher the bulk density, and therefore, rate
f infiltration is reduced. Plots of dry density against moisture content of the river soil are

resentéd as Figures 4.11-4.15 while that for the soil deposited are in Figures4.16-4.20.
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Compaction brings about decrease in hydraulic conductivity due to moulding water

Bulk density decreases with increase in sand, and increases with increase in clay. Bulk density is
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422 Hydraulic Parameters

From the saturated hydraulic conductivity test carried out, erosion soil averages at
16.75cm/hr while that of the river soil averages at 14.90cm/hr. The higher value of the saturated
hydraulic conductivity of the erosion soil is as a result of relatively high sand and relatively low

»

clay present in the soil. Conductivity increases with increase in sand and decreases with increase
in clay.

The apparent specific gravity of the river soil are of the range 2.46 - 2.70 while that of
the erosion soil is 2.46 — 2.64_.. The lower value of the speciﬁc gravity for the erosion soil is aﬁ
indication that there exist higher percentages of finer particles in the erosion soil. The values of
’the absorption test ranges betweeﬁ 13.32% to 15.83% for the river séil and 16.36% to 18.40% for

the erosion soil deposited. The high values in the erosion soil are due to the higher percentage of

finer materials in the soil.
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A plot of plasticity index (PI) against liquid limit (LL) is presented as figure 21. The:

shrinkage potential of the erosion soil ranges from low to medium while that of the river soil o

ranges from low to high and table 4.13 presents clay shrinkage potentials by curtain et al (1'99:;"7).
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Fig.4.21: A plot of plasticity index against liquid limit for soil in the study area
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CHAPTER FIVE

50 CONCLUSIONS AND RECOMM_ENDATIONS
5.1  Conclusions |

This project work had examined the physical and hydraulic properties of Chanchaga river
'soil and the soil deposited by erosion. From the analysis and tests carried out, the following
conclusions were made.

Considering the particle distribution curves obtained from sieve analysis, both the erosion
soil and the river soil exhibit almost the same characteristics (i.e. well graded sand) hence their
curves resemble each other in all respects.

It is seen from the hydfaulic conductivity test carried éut that the erosion soil conducts
more water than the river soil. This implies that the infiltration rate of the erosion soil would be
very much too since both of them are closely related. The hydraulic conductivity of the erosion
soil is sufficiently high with a relatively stable soil aggregates and this shows good permeability
and this makes the erosion soil deposited not suitable for farm structures.

That the effect or the presence of greater finer particles in the erosion soil is attributed as
being the céuse of the low specific gravity but higher absorption as a result of the ﬁnervgrains
fill-in-between the void spaces of the coarser sand. The higher‘ absorption makes the erosién soil
not good also for farm structures.

The higher values of bulk densities of the river soil are an indication of its cleanliness, free
from impurities and lesser amount uof fine sand. Based on the compaction test, it can be
concluded that the fiver soil ixas reduced shrinkage, high étrengtll and cohesion, high durability
and waterproof in nature. All these are indications that the river soil is more suitable for farm

structures than the soil deposited by erosion.

54




The soil removed during excavationvshould not be used for back filling. Fine to medium
sapd -of‘the erosion mixed with cement should be utilized since this will reduce water infiltration
_into the ground around foundation.
5.2 -+ Recommendations
The following recommendations are suggested based on the physical and hydraulic
properties of the soils.
(1) The organic matter (carbon) in the soil should be determined because it helps to estimate
the extént of binding aggregatés. This can be determined by the method of Walkley and
Black using normal potassium dichromate.
(i)  That more research should be caﬁied out in dry season to see it there will be much
variation in the values obtained since this study was carried out in the wet season.
(iii)  More research should be carried out on different soils from different river to see if river

soil and soil deposited by erosion will always vary.
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APPENDICES

APPENDIX A

A certain weight of the soil sample each trial pits was ‘weighed and sun dried for 5hrs. it

was sun dried to eliminate the natural moisturc content (water content). . 7

The dried sun mass was then sieve through a Standard British sieve set in a mechanical

" shaker for about 10 minutes. | ” , ;
The amount of soil rained in each sieve was transferred into the electrical measuring scale
~and the value recovered.

The percentage retained in each sieve was calculated as follows:

\

amount retained in each sieve x 100

bercentage retained= -
- Total weight of the sample

~APPENDIX B
The sample ‘fr‘om each trial pit was dried, weighed and divided into four points to | i

determine the percentage of moisture the material can absorb for effective compatibility. 5

Each of the four point can was then mixed with some certain volume of water and
compacted three layers of twenty-five blows (3/25).

After the layers and the blows, the top of the mould waé lost and the wef and leveled

equally with the mould’s level, and then weighed.
Water was removed from the wet sand inside and collected into a container and \A;eighed,

also with the wet sand. The wet sand was again kept in the ovum for not less than 12hrs."

The result obtained was then used to plot a graph to determine the Maximum Dry‘Densit'y :

(MDD) and Optimum Moisture Content (OMC).
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APPENDIX C \
The sample from each of the trial pit was dried.to at a temperature of 11.’0i5°c (23i9°F), 'V
cool in air at room temperature from one to four until the samples comfortable to handle
a.ndﬂsubsequently immeised in water at room temperature fora period of 24-+4hrs.
The sample was then removed from the water andv weighed in the saturated surface-dry
condition recovered to the nearest 0.5g or 0.5% of the sample weight.
After weighing, the surface dry test sample was immediately placed in a contained 1n |
which the weight in Water at 23+17% (73. 4+3°F) was determined. - All trapped air must
Be removed before weighing by shaking the container while 1mmersed
The sample was again dried to content weight at a temperature of 110+Soc (230+9°F)

cool in air at room temperature of until the sample was comfortable to handle (50°c) and '

then weighed to obtain results.

APPENDIX D
Each sample from the trial pits was immersing in water for approximate 24hrs for w'ater.

' to essentially fill the pores. |

The samplewas then removed from the water in which the water was kept to dried out

from the surface of the particles and the wet particles was then welghed on a balance.

Subsequently, the sample was weighed While submerged in water. Fmally, the sample was

then dried and weighed a third time.

 APPENDIX E
o Water was slowly introduced into the core cylinder and a constant head was marntamed,

for 5 minutes.
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Water was then allowed {0 drain gradually‘through the soil sample into the graduated
the pereolete that passed through the sample in 2 known time wes '
Pk

eaker and the volume of

easured.
ng 9 samples.

This was repeated for the remaini
< The saturated pydraulic conductivity = cw:"i‘;“:;;‘:: ::”ﬁ:: —
. ‘ K |
APPENDIX ¥
- The mass of cach of the eth‘s were detern] ned by weighing ’them. | |
Tt was ensured that the erops of the cups were calibrated using the other end of the'
i ooving tool so that tﬁere is consis’cency in the nheight of drops.
About 2508 of air dried soil sample passing the 425pm sieve was measured and put in @he
mix ;che soil until 2 ynform paete

¢ added and used to

nixing trey- A little quantity of water W&
as formed.
as then plaéed in the casagrande cupP apd using @ spatula, the surface Was

a maximum depth of mm.

The soil

. noothening to achieve
tool was then cuse to cut @ groove at the center 1in® of the soil cup-
per seconds until there is

The groove
.The 1'1quid limit device Was then cranked at 2 rate of 2 revolution
| clear visible closure of v (12.7{nm). the number of blows at which the closure occured was

atula and the

oted. R .
ed parts of the cup using a SP

Soil samples WeT® collected from the: clos

ontent determined.
arried out for

inoisture €
The cups Were cleaned after each trials and 2 fn'mimum of three trials were ¢

ach samples.

60

e
o



ied for 24 hours and the moisture content wexe

4 were oven dr

ples obtaine

The sam
1etennixied.
AI’PENDIX G
“Soil sarr(xples of about 208 were taten from the paste made for the ﬁquid limit tes.t. The
obe

was then placed on the glass plate.
) The soil was allowed 10 dry partially on the plates until it became plastic enough t

aped into aball _
sulded between the fingers and then rolled between the palms of the
ause crack on the surface.

The balls were then 1
nd until the heat of the haﬁds dried the soil sufficiently enough 10 C
amples of abo n. The samples Wer® ’

ut 10g eac

*, The samples Were then diyided into two §

e earlier.
e then'moulde

then rolled as don
* The subsamples were further divided into four. The samples wer
into threads of about 6mm

the fingers t0 equalize the moisture. The soil were then formed
Jiameter between the\fingers and thumbs of each hands.
¢ then rolled o about 3mm diameter in fi

* The soil at this'stage wer

ent on the plates

ulded abd rolle

forward and packward move ’
picked up mo d-‘ag‘ain until the thread shears the

The soil at this point 15
e container

weregathered to into @ suitabl

gether and put

The crumbled soil
er samples

The processes ¢ fhen repeated for 2 PRinimum of three oth
The moisture contents of the, obtained samples were then determined.
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