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ABSTRACT

The causes of severe cracks on lightly loaded buildings within the
Sokoto Rima River Basin Development Authority Heaaquarters Complex
have been found to be due to inadequate foundation aesign. The soil
within the complex is founa to be predominantly Reddish Brown Well
Graded Clayey Gravel exhibiting collapsing characteristics. The soil has been
shown to exhibit large settlement and reduction in bearing capacity on
inundating with water. It has been shown that while reduction in bearing
capacity is observed as moisture content is increased, the foundation failures
observed were mainly, due to large excessive total and differential settle-
ments. It has also been observed that the strip type of foundation used
for most lightly loaded buildings on the site, lacked the rigidity needed for
foundation on collapsible soils. Furthermore it has been shown that
variation in moisture content of the soil across the seasons is minimal from
2.5m downwards. A design criteria for lightly loaded foundations on colla-

psible soils is therefore put forward.

A survey of alternative foundation types has been undertaken and the
most favoured of these foundations was that using spread footings at depths
not. suqceptible to Tuch variation in moisture content. It has also been found
that attention need also be focussed on environmental factors such as land-
scaping and long term site and plumbing maintenance, if foundation stability
is to be guarranteed. A typical design of the most favoured foundation was
undertaken and found to impose a bearing pressure of 47KN/m? and an angular

distortion of 1:556 which are less than the permissible values.
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CHAPTER ONE

l. INTRODUCTION

1.1 BACKGROUND INFORMATION

Sokoto is the capital of Sokoto State in Northwestern Nigeria. It
experiences nurmerous foundation problerms, which resuits in the cracking and
failure of several buildinos within Sckoto metropolis. Sokoto is in the semi
arid region and is succesptible to long dry seasons. The topsoil within this
area is largely wind blown sands which lack good bonds, and therefore

create enormous foundation problems.

This project was neccessitated by the severe damages observed on
buildings within Sokoto metropolis in aeneral and the Sckoto Rima River
Basin Development Authority Headquarters in particular. It is easy to
observe that most lightly loaded buildings within Sokoto metropolis are
severely cracked, Many of these buildings have been abandoned and many
more sre very unsafe for human habitation. It was therefore thought that an
investioation into the causes of failure of these buildings will be a worthwhile

contribution towards solving one of society's numerous engineering problems

Although damage to buildings is quite prevalent in Sokoto, it was con-
sidered appropriate to choose a particular location as a test case for the
study, so as to undertake an indepth study. In the course of the reconnai-
ssance study, it was decided that the Sokoto Rima River Basin Development
Authority Headquarters, which has many severely damaged buildings be used as

a case study. .
“ASHIM 18R Ay LIRR
AMADL; BELLD Ui qay
RiAs aeicerna YHIVERSITY



At the beginning of the study, it was thought that the aobserved cracks
were due to the existence of an exparsive layer of soil immediately below the
foundations, but preliminary investigation showed the presence of lateritic
soils with very minimal clay content. Thus, expansion of the immediate soll
strata was not likely,

'\
Reconissance survey showed that virtually all the buildings within the

Sokoto Rima River Basin Development Authority Headguarters had severe

cracks. Also, most of the staff gquarters within the compound had been badly
damaged and infact many houses have been condemed with the resident staff
moved out. of them. The extent of damage within this compound can be best
agsessed from plates | to X, These plates are photographs taken to further

highlight the problems on site.

In carrying out the preliminary !nvestlgatioﬁ, four test pits were exca-
vated. Each of these excavations was carricd to a depth of 3.0m from the
natural gound level., For the four tests pits, the soils were found to be
basically the same. The topmost layers were observed to be -reddish brown
topsoil of about 0.7m depth. The top soil Is underlain by a layer of reddish
brom_m logsely packed gravel with sand up to a depth of about 2.0m, While
further down the excavation, a layer of lateritic soil in fairly dense state was

observed. This layer comprises aravels, cobbles, boulders and slabs of

cellular lateritic and iron cemented sandstones in a matrix of sand.

This observation further strengthened the view that observed failures were

. due to collapse of loosely packed coarse sand on application of load and or

on Inundating with water, rather than expansion of a clay layer. Fig. 1.l

shows a profile of the soil in each of the four test pits.
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PLATE 1

Shows a sevegely cracked pogtion
one of the staff quacters. Alceat
the occupants of this house have
been moved out,

PLATE II

Shows part of the front elevation
to the main administrative
buildinas, This kind of cracks
are very common on the admini-
steative buliding,

- -




PLATE IV

Shows severe cracks on one

of the Staff houses still
being habited.

-

b T M il -

PLATE 11l

Shows the extent of cracks
above the front door to the
office of the Assistant
Genecal Manager (Englneecing
Segvices),




Shows severe cracks on one of the staff houses alteady abandoned.

PLATE VI

Shows cracks on one of the staff houses still being habited.




PLATE VIII

Shows severe cracks on
of the staff houses.

Despite cepaicg efforts,
cracks cesurface again.




PLATE IX

Shows attempt at cectification
by patching up cracks did not
yield any positive results as
cracks ce-appear after a while,

PLATE X

Excavation of pit 3 in
PrOQress,




In carrying out the investigatior, three of the four Lest plts were exca-
vated during the dry season while the fourth test pit was excavated during ‘
the rainy season, this was with a view to comparing the variation of moist_ure
content with depth across the two seasons. The test pits used were chosen
such that a fair coverage of the Sokoto Rima River Basin Development
Authority Headquarters was cbtained, Each of these test pits were excavated
to 8 maximum depth of 3.0m. Since most of the buildings within this srea
are lightly loaded {predominantly Bungalows), [t was suspected that their
foundations were at depths of about 1.0m below natural gound level and the
foundations are predominantly strip footings. Thus the effect of stresses on
soils below these foundations are not expected to be felt at depths below

3.0m from the patural gound level.

Finally, since excavations were by manual method, it was impossible to
go beyond 3.0m, because the excavations were done in the dry season when
the soils are in their hardest form. It is irnportanf to state here that mpge
savples would have been ottained if drilling rigs were used In sampling. But
because of the prchibitive cost of hiring and getting a drilling rig down to
Sokoto, this alternative could not be contermplated. Fig. 1.2 shows a site
plan of the Sckoto Rima River Basin Development Authority Headquarters,

with location of the various test pits used for samplying.
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1.2 STATEMENT OF THE PROBLEM

The cost of damages to the buildings within the Sokoto Rima River Basin
Development Authority Headquarters is enormous. So far, eight bungalows,
each estimated at not less than one hundred and fifty thousand naira (M 150,000 )
have been abandoned. From site reconisance, more houses will be abandoned
in future, and if remidial measures are not taken immediately, it is envisaged
that in no distant time, the Authority might be compelled to completely
abandon the entire complex. There is no doubt that over five million nair
(& 5,000,000.00) have been irvested in the physical development of this complex
and if the site was abandoned, this would constitute a aross waste of scarce
resources. Furthermore, since more development is expected to be carried
out in future, it becomes very imperative that a well researched desion and
construction criteria be developed if the errors of the past years are to be
avoided. The present study has been designed to initiate meaninaful research
into this problem. Specifically the problem tackled in this study is double
faceted. One the underlying causes of the foundation problems at the studied

site are studied. Secondly, the possible solutions are searched for.

KASHIM BRAIIM LIRRARY
\HMADU SELLC UNIVERSITY
)3 OBJECTIVES OF STLIDY '‘ARIAs N.GERIA.

This study is aimed at ascertaining the causes of severe cracks on
buildings within Sokoto in general and the Sckoto Rima River Basin Development
Authority Headquarters in particular, and recommend desion criteria that could
arrest the pattern. To achieve this goal, the study has been designed to achieve

three main objectives, which are:

(1). To undertake a detailed geotechnical investigation of the subsoil at
the Sckoto Rima River Basin Cevelopment Authority Headquarters,
with a view to better understanding the mechanisms involverd in the

failure characteristics of the superstructures.
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(11) To examine the effects of ervironmental factors, such as

moisture content, on the failure pattern of these soils.

(111) To recommend foundation design methods that adequately meets
the peculiar situation’at the complex on the basis of the

results of the above investigation.

It is realised that an important source of problem on this site could
very well be the quality as well as type of construction., Nevertheless,
investigation within Sokoto and discussions with engineers within the Authority
and other arms of government confirm that the problem being experienced

is largely geotechnical.

1.4 JUSTIFICATION FOR THE STUDY

Investigations within the Sckoto Rima River Basin Developrment Authority
confirms that while the Authority is disturbed about the extensive damage
to its buildings, no investigations have so far been comissioned on the causes
of these damages. It is therefore hoped that this study will serve as a
source of geotechnical information for future development on the site as
well as giving enough geotechnical information to enable the Authority
carry out effective repair works on the existing buildings if and when it is
so desired. Also, it is hoped that the results obtained would generate some
academic discussion that might encourace more research work on other pro-
blem soils in Nigeria, and thus lead to a standard method of ceotechnical

characterisation of these soils.
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CHAPTER TWO

2. : LITERATURE REVIEW

2.1 DEFINITION OF TERMS

Below are the definitions of the significant terms that are specific

to the understanding of this work,

2.1.1, Foundations

These are the structural elements that serve the purpose of transfering

the load from the super structure to the underlying. soll,

2.1.2, Lightly Loaded Foundstions

These are foundations to low rise buildings {i.e. one or two storey
buildings). Usually foundation pressures of such buildings in Nigerla do not

exceed 150K N/1aC,

2.1.3. Design Criteria

Lsually in the design of foundations, there are two foundamental re-
quirements which any foundation rust satisfy if it is to perform satis-

factorily. These are:

(a) That the load transfered by the foundation from the superstructure
should not result in the excessive stressing of the soil to cause
shear failure of the soil below the foundation. This criteria im-
plies thet there should be no shear failure of the soil and is

known as the Bearing Capacity Criteria.

(b) That compressibility of the soil shauld not result in excessive
differential settlermnent between different segments of thi iructure,

This is known as the Settlement Criteria
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Thus in desianing a suitable foundation, the behaviour of the
foundation with regards to these two criteria and the effect of environmental

factors such as variation in moisture content on these two criteria are con-

sidered.
2.2 Rev'iew of Litegatuge
2.2.1 Problem Soils of Nigeria

Published work related to foundations on problem soils in Nigeria is
very scanty. Ajayi, (1987) showed that the main troublesome soil deposits
in Nigeria with regards to Building foundation could be classified into five

groups namely:

(1) Recently depaosited Organic soils
(2) Residual "Lateritic" Soils

(3) Sedirentary Lateritic soils

(4) Residual expansive soils

(5) Collapsible loess sands.

He further cave an indepth analysis of each of these problem soils

as follows:

1. Recently Deposited Organic Soils

Thece are recently deposited very soft to soft orcanic clays and peats of
the Dahomey and Niger Delta basins in the extreme south of the country. This
soil poses serious settlement and stability problems for shallow foundations,
and exarrples abound of distorted and severely cracked buildinos in various parts
of this region, notably Lagos metropolis. These deposits are ususlly encountered
in fully saturated conditions and are also normally consolidated. The organic

deposits are highly compressible and of high plasticity.
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2. Residual Lateritic soils

Residual soils are thase resulting from weathering and decomposition
of the crystalline rocks - granites, gneisses, etc., which underlie major
parts of the country. These scils have remained in situ after formation
and are generally classified into the upper, most laterised soils horizon and

the lower, less laterised highly weathersd rock zore.

The solls of the upper horizon are generally sandy clays with varying
gravel content, variably dessicated and with farruginous cementation. This
zone is usually well above groundwater level, hence the soils are of stiff
to hard consistency, over consolidated and of medium to low plasticity and
compressibility, They are also generally of low to very low perrmeability.
However, when exposed to water ingress or flow, there would be loss of
chemical bond and leaching of fines, resulting in significant loss of bearing

capacity, Increased settlement and eventual failure of support structure.

The lower heorizon solls, generally known as saprolites are normally
dense to very dense, more granular than the overlying deposits and very
silty, often containing weathered rock fragments. They constitute very little
problem to foundation performance except when the overlying more laterised

clayey deposits have been removed and they become exposed to rapid moisture

fluctuations., They are mostly found in the South Western part of the countey,

3. ' Sedimentary Lateritic Soils

Sedimentary lateritic clays and clayey sands are essentially the rede-
posited hill wash materials or weathering products transported to the low
lying areas of the country during the Oligocene to Plio-Pleistocene era and

have become dessicated,

I



The most prominent of these deposits is the "Coastal Plains Sands" of the
South which has been widely discussed by Jones and Hockey (1964) Jackson
(1980) and Ajayi (1985). Groundwater is usually very low in these areas.
The soil profile is unstratified and have inherited an unstable structure which
collapses when the soll becomes wetted or resaturated. In their natural
state, they are generally firm to stiff becoming very stiff, over consolidated

and of medium to low plasticity, compressibility and permeability.

4, Redidual Expansive Soils

Residual expansive clays develop from weathering of shales, rrudstones
and basalts found In some parts of the country, notably the north-east and
northwest sectors. They generally underlie superficial sandy clays or very
silty sands of few to several meters thickness. These clays are generally
stiff to very stiff, over consol'idated, of medium to high plasticity, medium to

low compressibility and generally have very low permeability.

However, when the normal cycle of moisture migration is altered by the
imposition of an artificial cover through shallow foundation construction or
road pavement, the clay tends to absorb more watler than necessary; then
swelling process generates high expansive forces which leads to structural

damage, severe cracking of walls, slabs and pavements,

Of particular interest in the study of expansive soils is the well known
"Black Cotton Soils" of the northeastern sector, discussed by Ibrahim (1979) ,
Dla (1983) and Madedor et al (1985). These soils originate partly from
weathering of basalts and partly from the quartenary lacustine sediments
of Chad basin. The predominant clay mineral being montmorilonite, accounts

for their characteristic swelling on water absorption and shrinkage o dryina,
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Severe deformations of road ‘pavements and cracking of walls of buildinas
constructed without proper attention on expansive soils have been widely

reported.

5. Collapsible Loess Sands

In the semi arid areas of extreme northern part of the country are wind
blown sands described by Ola (1980) as possessina collapsing sand features.
The sands are naturally loose to medium dense at the top rapidly becoming
dense or generally dense In places, unsaturated and silty. These features
account for their ability to drain off surface water very rapidly. However,
when due to shallow foundaticpn construction, the natural process of moisture
transfer is interrupted, saturation occurs haphazardly under the structure,
the soil slumps causing differential settlement, severe cracking and structural

damage.

From the findings of Ajayi (1978) as summerised above, it is evident
that of the five problem soils listed, the first three namely, Recently
Deposited Organic soils, Residual "Laterite" Soils, Sedimentary Lateritic soils
are found predominantly in the southern part of the country while the last
two namely Residual Expansive Soils and Cullapsible LLoess Sands are most
likely to be found in the north. Also from his description of the geology of
the various problem soils, it is evident that the soil most likely to be causing
the foundation problem in the semi arid area of Sokoto is the Collapsing soil,

The findinos of Ajayl Is corrcborated by Ola (1979).

2.2.2, Foundation Desion Problem in Sokoto Area

Ola, (1979) showed that foundation to buildings in Sokoto suffer dis-

tresses which produces severe crackinos on the superstructure.
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These distresses are due to differential movement of the subsoil and and his
investigation revealed that there are three major problem soils in the Sokoto

area. These are:

(1) Presence of Sinkholes and caverns in limestone deposits.
(2)  Expansive soils

(3)  The collapsing sands.

Thus, by Ola's findings, it could be concluded that the problems of
(1) Recently Deposited Organic Soils, (2) Residual Laterite Soils, and (3)
Sedimentary Lateritic soils are not of any significance in Sokoto area as
they do not exist. In analysing the problem soils stated above, Ola expressed

the following views:

(1) Caverns and Sinkholes from Limestone formation

This is the most potentially dancerous problemn of the Sokoto area which
luckily has not been encountered on any large scale. In Ola's study, eleven
boreholes were drilled and three 1.2m diameters shafts were sunk, Recovery
was often as low as 15 percent. Two of the shafts were abandoned due to
unmanageable volumes of water iéfsulng from the limestone at a rate exceeding

31.8m° /hr.

The generalized profile consist of variable thickness usually 0 -3+ of wind
blown sands. This sand presents its own special foundation problem which is
discussed later. The wind blown sands are underlain by a layer of cellular
laterite and colitic ironstone. The depth to the troublesome limestone layers
varies from location to location in Sckoto, but this depth may only be 4.6m

in some places with attendant foundation problem,
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(2) Swelling Clays

Generalized geological section across North-Western Sckoto (Fic, 2.0)
shows why the Sokoto area in perticular is complex from foundation point
of view. In North-Western Niageria, folding moverments resulted in the gentle
tilting of all the Pre-Vaastrichtian, Maastrichtian and Palaeocene sediments in
a North-Westerly direction as shown in Fig. 2.0, Kogbe (1975). From this
figure, as a result of the tilting of the various formations, coupled with the
qulley ercsion of the Sokato river it is clear that depending on the location,

building foundations can be placed on the clay shale.

Analysis of this clay shows some very unusual properties. The clay was
found to be highly compressible with coefficient of compressibility CC varying
from 0.2 to 0.25 for a five storey building. Also result of test shows that
when compared with standard classification method, the clay shale has very

critical potential volume change.

The results obtained showed that the clay is of critical potential ex-
pansiveness. Unfortunately, as a result of the tilting of the various formations
(Fig.2.0). This expansive clay is within foundation level in certain areas of
Sokoto and where this happens and ingress of water is unavoidable, swelling of
the foundation results. Also if this clay is within the zone of seasonal volume
change, swelling of the foundation will occur during the rainy season and this

will be followed by shrirkage during the dry season.

(3) Cblla psing Sand

The third problem which all geotechnical engineers working in Sckoto

area should be quite familiar with is the problem of "“collapsinag sand”,
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#y shown in the ageneralized geological section in Fig. 2.0, the lower sand
outcrops In Sokoto area is basically a foundation problem. The depth of
this deposit varies from 0 to 3m from location to location. This layer con-
sist of reddish brown wind blown silty sand. The depths of collapsing sands
may vary from a few centimeters to more than 15m and settlements are

large only where the depth below the foundation is significant.

From the analysis of some foundation Design Problems in Sokoto Area
presented above, it is clear that the findings are very relevant to the toplc

under corsideration. Thus the following deductions could be made:

(é) Crackings observed on builldings within the Sckoto Rima River Basin
Oevelopment Authority Headquarters could not be as a result of
presence of sirkholes and caverns in limestone formations. This Is
because at the depth at which the limestone deposits are generally
encountered (i.e below 4.6m), the effect of loads from lightly
loaded foundations are reglicible. Secondly, if collapse of the
limestone formation is to take place, it will result not only in
cracks on the building, but also on subsidence of the soil arround
the region of collapse of limestone formation. This subsidence have

not been noticed.

{b) The cracks observed are therefore most likely to be as a result of
the existence of either the collapsing sand or an expansive soil

layer beneath the foundations,
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2.2.3 _ Collapsible and Expansive Soils

From the literature review so far carried out on the nature of soils
within Sokoto, it is evident that the problem soil within the Sokoto Rima
Rlver Basin Development Authority Headquarters could either be a collapsible

soil or an expansive soil,

Collapsible soils are widespread in areas where there are long dry
seasons and in which the ground water table are at great depths, Such
soils are usually wind blown sands, loosely deposited and binded together with
bonds consisting of soluble compounds, such as the chemical preciplitates that
accumulate under semi arid conditions. Under partially saturated conditions,
they may posses bonds that endow thermn with cohesion and considerable
rigidity. These bonds are easily destroyed upon prolonged submergence. If

the bonds consist of clay minerals or various amorphons clay like substances,

they may absorb water and become weak when submerged.

The e - logP curve of such material, tested without permitting water
to gain access to the samples through the porous stones display no unusual
features, but if water is admitted at any stage of a test, a; spectacular de-
crease in void ratio at constant external vertical pressure may occur., The
magnitugde of the settlement of a deposit of collapsible soil may be estimated
by subjecting samples at their field moisture content to the vertical stresses
anticipated in the ground and by observing the change In vold ratio due to
submergence while the vertlcal stress are maintained, Thus collapsible seils
could be classified as soils which exhibit large reduction in volume upon

changes in moisture content,

Cn the other hand, expansive soils develop from weathering of shales,

mudstones and basalts,
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They generally underlie superficial sandy clays or very silty sands of few to
several meters thickness as shown by Ajayi (1987). These clays are generally
stiff to very stiff, over consolidated, of medium to high plasticity and generally
very low permeabillty. Expansive scils in general are most critical for
foundations when encountered above the lowest aroundwater level, since below
the ground water table, the clay is saturated and the moisture content is
relatively constant, However, maost clay become desiccated and shrink due to
seasonal lowering of the groundwater table or changes in other physical or
erwironmental conditions. On subsequent wetting, the clay will exhibit
swelling. Thus expasnive soils could be classed as soils which exhibit large

increase in volume upon increase in moisture content.

Peck et al (1973) showed that certain soils, even while under constant
external load, exhibit large volume chanoe upon changes in moisture content.
They were of the view that soils which experience a reduction in void ratio
on Inundating with water under constant external load are collapsible soils
while those which exhibit an increase in void ratio on inundating with water
under constant external load are expansive soils, Thus in both cases, moisture
content increament is the one most critical factor that affects the behaviour

of these soils.

They further showed that these soils are confirmed by carrying out a
pair of test in a consolidatinn apparatus on identical undisturbed samples.
Fia. 2.1 shows the expected results of such tests. Curve "a" cepresents
the e - log P curve for a test started at the natural water content and to
which no water is permitted access, curve "b" and "c" on the other hand cocces-
ponds to tests on samples to which water is allowed access under all loads

until equilibrium is reached.
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If the resulting e - log P curve, such as curve b, lies entirely below curve a,
the soil is said to have collapsed. Under field conditions, at pressures Pl and
void ratio By the addition of water would, accordingly cause the void ratio

to decrease to e with a corresponding settlement of

Hx A°) Where H = Height of sample
5 e, = Void ratio at pressure F'l without addition
of water.
e = Void ratio at F’l after addition of water.
AfL = e - g

Soils exhibiting this behaviour include true loess, clayey loose sands in which
the clay serves merely as a binder, loose sands cemented by soluble salts

and certain residual socils such as those derived from granites under conditions

of tropical weathering.

Conversely, if the addition of water to the second sample leads to curve
ney located entirely above ‘a) the soil is said to have swelled. At a given
applied pressure Pl, the void ratio increases to e‘;, and the corresponding rise
of the around is measured by H, Ae; Soils exhibiting this behaviour to a

xe
marked degree are usually montmorilionitic clays with high plasticity indices.

2.2.4 Foundation on Collapsible Soils

For a good understanding of the behaviour of foundations on collapsible
soils, a knwoledge of the collapse mechanisms of these soils is essential.
Consideration of the structural arrangement of the sand grains in a loose

silty sand furnishes a hypothesis for the collapse phenomenon,
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Casagrande (1932) has demonstrated that a portion of the fine fractions of
the soil exist as bonds for the larger grains and that these bonds undergo
local compression in the small gaps between adjacent grains resulting in the

development of strength. Fig. 2.2 represents an idealization of this concept.

In nature the structure of the soil is in equilibrium under the action of
overburden pressures. When loaded al its natural water content the structure
remains sensibly unchanged and the bonding material compresses slightly without
any large relative movement of the soil grains as shown in fig. 2.2. At this
stage, consolidation takes place by compression of the fine particles between
the larger sand particles. As long as the moisture content remains low, the
local micro-shear forces at the sand particle interfaces, resulting from loading,
are resisted without appreciable movement of the grains. However, when the
loaded soil, gains moisture and a certain critical moisture content exceeded,
the fine silt bridges reach a stage where they can no longer resist the de-
formation forces and the structure collapses as shown in fig., 2.3, resulting In
considerably smaller volume than that shown in fig. 2.2. The collapse
phenomenon appears to be one of micro-shear effects at the particle inter-
faces, following the character of secondary consolidation and therefore should

be capéble of demonstration by normal consolidation test procedure.
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Research works related to foundations on collapsible sofls are v;ery
limited. This might be due to the fact that collapsible soils are more pre-
vailent in Arid and semi - Arid regions of the tropics, and the level of te-
search within this regicn is relatively low. As earlier stated, most wind blown
sands and silts, especially those ~hose cohesion are Imported by precipitation
of soluble compounds such as calcium carbonate, gypsium or ferrous Iron and

which collapse upon inundation are classed as collapsible soils.

» Jennings and Knlaht. (1957) in fheic woek™ “oave detalls of

some unusually large and sudden settlement which occured in South Africa.
In all the cases considered, the movements were assoclated with the presence
of water, freguently due to broken drains or to a concentration of rain-
water at the discharae points of rainwater downpipes. Figure 2.4. gives the

profiles and soil characteristics for four sites Investigated by the authors.

Scil A Scil B Soil C Soil D

Firm red 5 Firm red o Firm brown ”:1;; Flirm red )’i;‘,!';:
silty sand ::,{f/’ silty sand , { sand 1Y { | sand I‘j'/l:r

{ t t - !
Aeolian i;‘ln :'{ Aeolian :<'r| | Aeolian : ,-r’ Colluvial ! y

) 'y i ! fr
] “7'| |Petbles! .83mEG /- Y
[ ! [l Q’ & b //,1
L f - gt oy
‘", ! v/ ol o ) . x,./,/
\ : ‘I'. IN .ll Decarmposed ﬁ’ l/,//;;
K - | thasic lava / ' oL
Pebbles 4.57m[852] |Pebbles 6.10m / Pedbles 6.10m|d=4
55 % / e

Decornposed % Decomposed - / _ 7
shale /’4‘, granite % /,/, ) //;

SOIL CHARACTERISTICS

LL 385 26.4 225 NP
PL 22.9 12.0 11,0 NP
w105 12.9 8.0 8.0
S 0.29 0.4t 8.31 0.30
Gs 2.68 2.10 2.68 2.65
e 0986 0.85% 0.70 .75

Fig. 2.4. Profile and Soll Characteristics for selected samples of collapsing
soil studied by Jennings and Knight (1957).
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The silty sands were cbserved to have very high void ratics and a
fair proportion of the minus 2 micron fraction . The predominant
particle sizes obtained from sieve analysis were shown to lie between 0.1
and 0.tmm, The sands were believed to be either colluwial or wind blown
deposits. The minus 2 micron fractions were found to be composed

almost entirely of red brown iron oxide.

Triaxial shear tests of the silty sand showed that there is a
reduction of about 30% in shear strength of the soil upon inundation, A
typical shear test data for a collapsing sand profile as obtained is shown

by Jenning and Knight in Table 2.1 below:

Table 2.1: Triaxial Shear test for @ collapsing sand profile.

studied by Jennings and Knight (1957).

Undrained test Su " Consolidated Soakesd
Depth Undrained test “csu
(m)  |Cu WPa- 8, degress Cogy P2 8, dearees
1.5 12,4 21 15,47 14
3.0 31,7 11 24,8
45 28,3 10 20,7 9
6.0 20.68 23 4.8 19

It Is important to note that it was observed that despite the 30 percent
reduction in shear strenath on inundation, all cases investigated showed that
the bearing capacities of the soil at the time of fallure had not been exceeded.
In many cases, the calculated capacities were considerably greater than the

applied loadings.
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Jennings and Knight (1956) showed that it was possible to reproduce the
settlement behaviour of the foundation comrpletely, by applying the field pre-
ssures to a consolidometer specimen at its natural water content, allowing the
consolidation to reach equilibrium and then inundating the sample by filling

the confinino cam with water. The inundation resulted in an additional
settlerrent or collapse. These collapse were greater when hicher consolidation
pressures were used. Typical result of cedometer test are shown in fia. 2.5,
The marked divergence of the curves indicates the maanitude of the movernents

due entirely to inundation.
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Fig?2 .5V ypical compression curves for a collapsing soil

Finally it was shown that the use of the e : looP curve as in Fia, 2.5
is not in strict agreement with conventional scil mechanics theory which re-
quires that the pressure used be truely interaranular pressures, In the case
discussed, capillary pressures of fairly high maonitudes exist and these are
certainly of the same order as the applied pressures, The pressures used In
the plot represent applied prassu.rés and therefore the irmplications of using
normal interpretations should be carefully considered. Full scale varification
tests and analyses for correlation with existing field observations are still

being considered.
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frink and Xantey (1962) investicated the .causes of |
sudden tilting of a water tower founded in decomposed granite in South Africa.
Their work led to the discovery that the soil exhiblited a grain structure which
| collapsed on becoming [nundated under load.. They also founa out that the same
phenomenon occured in many other places as well, but appears to be confined
to slopes in areas of annual water surplus. It was evident from their work
that the phenomenon of collapsible grain structure develops as a result of
leaching out of soluble and colloidal matter from the thoroughly decomposed
rock, This resulted In a high void ratio and an unstable afrangement of guartz

and felspar grains in the leached residuum.

The authors aiso showed that there were strong indications that the
potential collapse decresed with depth in the soll profile which led to the
conclusion that the foundation design could be based on permissible tolerable
settlement ratber than on permissible bearina capacity. Finally three methods
of solviﬁg the problems posed by this collapse phenomenon were suggested,

namely:

(1} The foundation should be carried down to depths at which the
collapse phenomenon is absent or of negligible proportions. This
may be achleved by normal piling or by the under-reamed type
of pillng, depending on the strength of the soil at the feunding

depths, and the load to be carried.

(2) To carry out more detailed testing than Is nermally carrled out for
this type of problem and desian the foundation on the basis of

permissible settlement in addition to permissible bearing capacity.

{3) 7o carry out a compaction of the grain structure by the use of

driven cast-in-situ piles.
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‘ Abelev, and Askalonov (1955) described the principles of mechanical
stabilization of collapsible soils usino heavy tampegs and stabilized soil
piles, Also the theogetical principles of physical and chemical stabilization
of collapsible soils using sodium silicate were discussed, Their reseasch was
prompted by their earlier findings that experience duting consteuction showed
that measures directed towards prevention of wetting from the soil under founda-
tions do not always attain their objective since vagious causes lead to acclidental
soil moistering, The authors showed that the simplest way of eliminating
settlement in collapsible soils, is to compact the soil mechanically, and the
efficiency of this method has been corgroborated by experiences during con-
structions on collapsible soils In #ussia. , In this mechancial compaction
method, only mechanical destruction of the natural soil structures took place,
the granular and chemical composition of the soil being presecved, The method
involes the compaction of a thin layer of collapsible soil under the foundation
with heavy tampers up to the point of gefusal or until settlement virtually
ceases, The compaction of a soil layer of areater depth is usually achieved by
deiving friction piles. Another method recommended for compation uses the
enerqy of explosion method, This method involves the boring of a 60 to 70mm
diameter hole by means of a vibrator or pile driver to the desired compaction
depth.' The blast charues age then lowered into the hole, the charges consists

-

of standard ammonite cartridges weiching 500 each and 42mm in diameter,

The quantity of cartridges per linear meter of bore hole varies from 5 to
10, depending on the Atterberg plastic index of the soil, It is necessary that
the carteidoes in the chagge are arranged at equal distances apart, and that
their arrangement remains fixed until the explosion, The chatqe is then

lowered Into the bore hole and exploded,
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Under the action of the explosion the bore hole expands, by compaction of

the soil laterally up to 40 to 50mm, but remains unchanged vertically.

Here in Nigeria, research works related to foundations on collapsible

soils are virtually non-existent.

. Ola (1979) showed that collapsing sands consititutes one of the
major foundation problem in Sokoto area. He showed that the depth of this
deposit may vary from a few centimeters to more than 15m and settlement
are large only where the depth below the foundation is significant. Comments
on collapsing sand in this paper were limited to a survey of collapsing soils
In Sokoto, a good literature review on collapsing soils and a physical chara-

cterization based on particle size distribution tests.

Ajayi L A.(1987) in his work on Foundation in Problem soils of
Nigeria did mention the existerju_:e of collapsible loess sands in the semi
arid areas of extreme northern part of the country. He gave a general
description of the soil as being naturally loose to medium dense at top and
rapidly becomina dense lower. They are usually unsturated and silty, He
further points out that, when due to shallow foundation corstruction, the
natufal process of molisture transfer is interrupted, saturation occurs
hapharzardly under the structure, the soil slumps causing differential settle-

ment, severe cracking and structural damage.

2.2.5. Foundation on Expansive Soils

Ajayi (1985) and Ola (1979) have shown that expansive soils are wide-

spread in north-east and north-west sector of Nigera.
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Peck, et al (1973) indicates that a distinction must be mad.e between
soils that have the capacity to swell and those that actually exhibit the swelling
characteristics in the field. Soils having little or no capacity to swell will
not do so under any circumstance. On the other hand, soils with high
swelling capacity may of may not swell, their behaviour depends on the
physical conditions of the material at the beginning of construction and the

changes of stress and moisture content to which they are subjected,

Whether a soll with bigh swelling potential will actually exhibit swelling
characteristics depends on several factors, That of greatest importance is
the difference between the field moisture content at the time the con-
struction is undertaken and the equilibrium moisture content that will finally
be achieved under conditions associated with the complete structure, If
the equilibrium moisture content Is considerably higher than the field molsture
content, and if the scil is of high swelling capacity, vigorous swelling may
occur as evidenced by upward heaving of the soll or structure or by the deve-
lopment of large swelling pressure.  If the equilibrium moisture content is
lower than the field moisture, the soil will not swell but, on the contary will
shrirk. The swelling potential of a soll Is related in a general way to the
plasticity index. With the swelling potentlal increasing with increase in

plasticity Index.

Snethen (1984) evaluated expedient methods for identification and classi-
fication of potentially expasnive soils. He is of the view that the purpose of
an identification and or classification technigue for expansive soils is to
gualitatively characterise the poténtial volume change behaviour of suspected

problemn soils.
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His assessment of the then available literature indicated that methodology

for identification of expanrsive soils may be categorized in the following

manner:

(1) Indirect technigues in which one or more of the related intrinsic

properties of the expansive soils are measured and complemented

with experience to provide an indication of potential volume change.

(2) Direct techniques which Involves actual measurement of volurme:

change in pedometer type testing apparatus. Generally, this group

is used for quantitative prediction rather than gualitative indication.

(3) Combination techniques in which data from the indirect and direct

techniques are correlated either directly or by statistical comparison

to develop aererll classification with regard to porbable severity.

The exogdient methods commonly used by engineers are derived from the
indirect and combination techniques. Theexnedient methods are essentially
correlations between experience and or direct measured volume change be-
haviour with Atierberg Limits., The popularity of these expe’dieni'nwethods

is the result of two factors

(i} The ptacticality of the methods since most of the soil properties
Involved are routinely determined in geotechnical laboratories

and easily recoenised by geotechnical engineers,

(ii) Experience has shown that potential swell correlates reasonably well

with Atterberag Limit data. ?:E]if’g“ 'RRAI:IM UBRAR\'
a1 ¥ I = - )
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He further observed that evaluation of the various published expedient
methods was very difficult because none of the techniques provided a univer-
sally applicable criteria for assessing or categorizing volume chance be-
haviour., One of the most obvious inconsistencies in the various published
methods reviewed by Snethen irvolved the definition and classification of
potential swell. He thus put forward a definition of potential swell which

satisfies the largest portion of the field simulation requirerment as follows:

Potential swell is the equilibrium vertical volume change or deformation
from ancedoreter - type test (i.e. total lateral confinement), expressed as
a percent of original height, of an undisturbed specimen from its natural
water content and density to a state of saturation under an applied load

equivalent to the in situ overbruden pressure.

Based on the above definition of potential swell, he put forward a
categorization of potential swell which is a better classification with regards

to insitu conditions, This cateaorization Is civen in Table 2.7,

Table: 2.2: Cateﬂzlzation of potential swell, by Snethen (1984),

Potential  Swell % Potential Swell  Classification
0.5 low
0.5-1.5 Marginal
1.5 B High.

Furthermore he evaluated seventeen published techniques selected for con-
sideration using the described definitions and classification of potential swell,
The evaluation showed that the mest consistent indictors of potential swell
are first, the Liquid Limit and Plasticity Index, second Liquid Limit and Natural

Water Content etc,.
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Finally, he showed that using the measured potential swell cateoories, the
categories of indicator properties whichmaximize the accuracy and conser-
vatism of the criteria for identifying and qualitatively classifying expansive
soils are as in Table 2.3.

Table 2.3: Criteria for identifyino and classifyino expansive soils by Snethen (1984)

Petentiai Swell -

Classifcation. Potential Swell % LL % Pl %
High 1.5 60 35
Marginal 0.5-1.5 50-60 23-35
Low 0.5 50 25

Driscoll et al (1984) investigated the ageotechnical properties of expansive
clay soils in Northern Jordan. Their investigations were carried out in the
Jordanian capital, Amman, and in the towrs of Irbid, to e north and Abu
Nusseir. There were many cases of damaged buildings in these areas and
soil sampling sites were chosen within these locations to coincide with known

occurences of damaoe to low rise buildinos.

Identification test on the samples showed the samples to be predomi-
nantly clay of similar texture. On the casagrande plasticity chart, these

samples were found to exhibit high, very hich and extreinely high plasticity.

Index properties and clay fraction were used to clasify the volume
change potential of the soils and the result shows that except for a few of
the samples which are of "medium" potentials, the others are in the "high"
to "very high" categories. The areatest potential was found to occur in the
Abu Nuseir clay. These characteristics correlate well with the mineralogy
of the clay fractions, with Abu Nuseir, Irbid and Amman samles exhibiting
respectively decreasing proportions of the interstratified mica-smectite

mineral.
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Measurement of molisture content variation with time and depth below
ground surface, at both Amman and Irbid, showed that seasonal climatic

changes extend to at least 2m,

Oedometer swelling and consolidation tests indicated that within thae
top l1m swelling pressures In excess cnl'_?(]OTr‘IN/m2 are likely. The extren:ely '
plastic areen clay of Abu Nuseir was found to generate significantly higher
swelling pressures than the mantle clays elsewhere, Precornsolidation pressures
indicated substantially overconsclidation in the top 2 - 3.5m on all sites, so
that, for the lightly~loaded foundations for low rise buildings In Jordan, the

expansive nature of the clay soils constitutes the main geotechnical problem.

Mitchell (1984) developed a simplified method of design of shallow
footings on expansive soil. He reviewed past design methods put forward by
Brab (1968), Lytton (1977), Walsh (1978), Swinburne (Holland 1981), PT I -
Wray (Wray (1960) .and Mitchell (1979). IHis review Indicated a varlation In
the answers obtained by each method. He thus showed that the difference
in the designs appear to be more a result of differences In the Imput para-
meters qf each metnod, than the complexity of the method used for the
actual interaction analysis. Based on this observation, he put forward one
simple desfgn method. The method has been successfully used by the author
for the routine r‘desiqn of shallow stiffeped footings cf!struétures on expansive
soils for at least five years. The method is based on a-simplification of the

structure geometry, load and permissible deflection, and Is derlved from an

integration of the beam on mound equation.

Algebralc expressions for the bending moment at any point on the

footing, together with the required stiffness were obtained for both centre

and edae heaves,
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A paremetric study revealed that each of the design parameters (i.e.

structure geormetry, loads, soil moverment, permissible deflection, shape of
initial coil surface and swelling stiffness) have a variable effect on the bending
moment in the footino. The behaviour of a heavily loaded residential raft
footing underacing severe distortion was shown to be successfully modelled

by the analysis.

Holland and Richards (1984) carried out investigation on the practical
design of foundations for lightly loaded structures on Expansive soils. The
authors considered a design approach which considers the clay properties, the

footing cost and erwvironmental factors associated with footing performance.

They showed that although the strip footing systems are used extensively
throughout the World, their performance is poor and no rigorous design pro-
cedure for strip footings on expansive clay soils exist. They affirmed that
most common strip footings are designed from experience and from a con-
sideration of allowable bearing pressures. Bearing pressures however Is
rearly a problem for expansive clays even after making allowance for their

significant, seasonal moisture changes.

In considering the pier and beam systems, the authors submitted that
well desioned pier and beam foundation systems appear to provide an acce-
ptable level of performance when a timber floor system is unavoidable. Many
pier and beam foundations are still incrrectly desianed on the basis of bearing
pressure rather than founding them at depths where no heave will occur

beneath them.
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According to the authors, piers should be founded on at least. twice the
depth of seasonal soil moverment or on stable material such as bedrock.
Suspended beams between these piers must be effectively separated from
the expansive clay soil. This requires the use of an effective void former
which is usually a collapsible cardboard. The selection of a suitable void
former is shown to be critical to the performance of this footing

system,

In considering slab foundations, the authors showed that the use
of integral raft slabs on expansive clays is recoanised throughout the
world as being the most satisfactory, ecomomical foundation system for
relatively flat sites. Finally they concluded that the behaviour of a
footing on expansive clay is not as predictable as structural engineers
might assume and hence rigid application of design models and exacting
computations is of little value. Rather a more appropriate approach
begins with a soil report that considers simple clay properties, depths and
thickness and experience to provide an estimate of the likely éeasonal
heave in the open. The final design must include restrictions or warnings
regarding landscaping and long term site and plumbing maintenance, if

realistically priced footings are desired.

"

Driscoll (1984), Shiming (1984), Longworth (1984), Ponlos (1984),
WKurnar (1984), Elturabi (1984), Williams (1980} carried out extensive
investigations on the identification methods and geotechnical properties
of expansive soils. A careful study of the various resuits obtained
showed that properties of the expansive soils and foundation design

methods varied with locations of the soil.
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Driscoll (1984) in particular showed that for lightly loaded foundations
for low rise buildings, the expansive nature of the clay soils and not

bearing capacity consideration constitutes the main geotechnical problem,

Resgarch works on toundations on expansive soils in Nigeria are
limited. An extensive literature review indicates that althouoh some
works on the gecotechnical characterization of some of the potentially
expansive soils like the black catton soils and the Sokoto soft clay have
been carried out by Cla (1980) and De Castro and (Qla (1983), most of
these works, have been directed towards the use of such solls and infor-
mation obtained in hichway pavement desions. Therefore most of the
tests carried out by the above mentioned writers are not enough to .

enable adequate design of foundations on expansive soils to be carried out.

The work so far reviewed showed that the most likely cause of
severe cracks on buildings wIthir;'the Sckoto Rima River Basin Development
Authority Headguarters would be the presence of collapsible or expansive
suils below the foundations to the buildings. [t has also been shown that
a measure of experience has been gained in the area of geotechnical
characterization of collapsible and expansive scils. This experience has
not been tested in Nigeria. Thus the response of collapsible and ex-
pansi.ve soils in Nigeria to some of the findings in the research reviewed
is yet to be determined. In maost of the works reviewed, the solutions
proposed will involve very bhigh cost on the part of the client. Also it
is observed that mwoisture content variation is a major factor in the

behaviour of both expansive and collapsible solls.
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Efforts is therefore directed towards studying the variation of moisture con-
tent with depths during both the rainy and dry seasons, with a view to
better understandina the variation of moisture content with depths

across the seasons. Jenninos and Knight (1957) and Hollands and Richards
(1984) showed that there is a significant reduction in bearing capacity for
collapsible soils and exparsive soils respectively as moisture content is
increased. This spectacular phenomenon will be studied with a view to
observing the variation in shear strength with moisture content for the

Nigerian situation.

From the works reviewed, it is shown that excessive differential
settlement or heave js the one most important factor that is responsible
for failure of foundations on collapsible and expansive soils. These settle-
ments, are induced by veriation in moisture content of soil under the building.
This variation in moisture content results in different amount of settlement
or heave of the various footinos with resultant cracks on the sperstructure.
It is therefore irrportant that for a cood understanding of the soil in
question, the variation of settlement or heave with moisture content be
investigated. Finally the works so far reviewed have shown that there is
a correlation between the Index properties of a socil and its classification,
It is therefore expdient that the index properties of the soil be first in-
vestigated in order te determine whether the soil under investigation is an
expansive soil or a collapsible soil. Having identified the soll, strencth
test should be carried out to further undesstand the behaviour of the soil
with respect to the various factors earlier mentioned, Finally it is very
pertinent to point out that lichtly loaded foundations on collapsbie of ex-

pansive soils have received little or no attantion in Nigeria.
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Worst still is the fact that the Sokoto experience is virtually non-existent.
It is the realization of this nealect that necessitated the investication of

Desion Criteria for liohtly loaded Foundations - The Sokoto experience.
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CHAPTER THREE

3 LABORATORY TEST PROGRAMME ANN PRESENTATION OF
EXPERIMENTAL RESUL IS

3.l Test Frioramme
The test proorarmne enbarked upon was desioned to provide su-

fficient information on the geotechnical characteristics which were used

to understand the behavior of the soil.

Undisturbed samples from four pits within the premises of the Sokoto
Rima River Basin Development Authority were obtained. The first three pits
were excavated towards the end of the long dry season (i.e. in April and
May) In 1988, while the fourth pit was excavated in late July, 1988. The
need for the fourth Pit is only to aive an indication of the variation of
moisture content with depth durina the rainy season, Best result would
probably have been obtained, if the fourth samplina was undertaken at the
end of Auaust or early September, but this would have urduly prolonged the
work, Furthermore the variation of moistute content with depth served
only as & quide in discussing the results cbtained and did not jeopardise the

results.

Six samples were taken from each pit at depths of 0.5m, 1.U0m, 1.5m,
2.0m, 2.5m and 3.0m trespectively. Since foundations under consideration
are for lightly loaded buildinos, they are not expected to be founded at more
than 1,50m from the MNatural Cround Level (N.G.L.). Furthermore, since
the width of these footinas are not expected to be more than 1.25m,
stresses induced by them will be renlible at depths greater than 2B from
foundation depth (i.e. at depths oreater than 4.0m).  Fowevers, the cost of
excavation and the time to excavate this type of soil by manual means made

it impossible to contemplate any depth areater than 3.0m.
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After excavating to the desired depths, sarrples were taken using core
cutters, The samples so removed wele then sealed with wax, and transported
to the laboratery. Since two samples were usually taken from every depth
and only twelve core cutters were available from the scil mechanics labora-
tory, this meant that only one pit could be sampled on any visit to Sokoto.
Generally, excavation of ore pit took three labourers about three days to

finish, because of the dry gravelly nature of the soil.

For the samples obtained, the laboratory tests performed may be

grouped under two broad headings:

(i) Classification and Identification tests;

(1i) Tests for engineering properties, (Strength Test).

3.2, Classification and Identification Tests

These tests were carried out to facilitate accurate geotechnical classi=
fication of the soils. All experiemerits in this aroup were carried out
in accordance with the provision of 8 5 1377, and the experiments were as

followos:

(a) Moisture Content determination
(b) Specific Gravity Test
(c) Atterberg Limits Tests

(d) Particle size distribution by Wet Sieving

Ji Moisture Content Jetermination

The moisture content test was carried out with a view to determining
the moisture content variation with depth., As earilier stated, the addition
of moisture s the most impertant factor that causes collapse or heave of
the studied soil type. The test proceedure followed the standard laboratory

methods as desribed by B5 1337 (1975).
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It is important to note that durino excavation it was observed that pit
2 was aenerally damp and the worst cracks within the building complex were

noticed arround this area.

Tables 3.1 shows the variation of moisture content with depth for pits
l, 2 and 3 respectively. These moisture content values are for samples obtained
in April and May, 1988, they therefore represent roisture content variation
with depth during the dry season. Table 3.2 shows the variation of moisture
content with depth for pit 4. The samples for pit 4 were taken during the
rainy season. A comparison of moisture content results for pits 1, 2, and 3
anainst that of pit 4 gives a clear indication of the variation of moisture
content with depth across the seasons. This comparison is best appreciated
in a2 graphical form, Thus oraphical illustration of Tables 3.1 and 3.2 is

given as fia. 3.l.

A close look at the moisture content for pit 2 of table 3.1 shows higher
moisture content values. This is in confirmity with observations made while
excavating pit 2. Further investigation revealed that the soakaway pit and
septic tark to the toilets were just about 3,0m from the location of pit 2.

It is therefore concluded that the proximity of the spakway pit to test pit
2 is responsible for the higher moisture content values obtained for pit 2.
Details of experimental results obtained in the course of these tests are as

shown in the data sheets given in Appendix 1.
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- v {ly 8 Specific Gravity Determination

For the three test pits under corsideration, specific aravity tests were
carried out on samples taken at depths between 0.5m to 3.0m at incremental
sampling depths of 0.5m, The results from this test was used to classify the
soils. Furthermore, the results of specific cravity test enable quick deter-
mination of the unit weight of the soil sample and an easy calculation of the

void ratio of samples.

The results of specific grzvity test on the samples are shown in tables
3.3. The procedure for the determination of specific aravity are as stated
in BS 1377 (1975). Details of experimental results are as shown in the data

sheets of Appendix 2.
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3.2.3. Atterberg Limits Determination

The three main Atterberg Limit tests mamely, Liquid Limit, Plastic .Limit
and Shrinkage Limit have been widely used all over the world for soil identi
fication and classification. The shrinkage limit is particularly useful in
areas In which the soils undergo large volume changes when qoing through
wet and dry cycles. These limits which were proposed by A. Atterberqg a

Swedish agricultural scientists are defined as follows:

Liquid Limit:  This is the moisture conient below which the soil behaves
as a plastic material, At this moisture content, the soil is on the verge

of becaming a viscous fluid.

Plastic Limit: This is the moisture content below which the soil is

non=-plastic.

Shrinkage Limit: This is the moisture content below which no further

soll vol ure reduction occurs.

Potential volume change problems can often be detected from the liquid
and plastic limit tests. The liquid limit Is sometimes used to estimate settle-
ment’ in consolidation problems, Thus the result of the Atterberg limit test

will help in effectively classifying the soil.

Soll sarmples taken between 0.5m and 3m of each of test pit 1, 2 and 3
were tested in the laboratery for their Atterberg Limils.  The resull of the
tests are as shown in Appendix 3 while a summary of results are shown in

Table 3.4,

Fice: 3.2 shows a plot of the Atterbera lincit gesults on the plasticity chact,
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324 Particle Size Analysis

In order to obtain the particle size distribution of this seil, the standard
method of sieve analysis as civen in BS 1377 was carried out. The method used
here which is the most reliable and most easily reproducible method is the Wet
Sieving method, This method Irwolves the weiching out of 200g of oven dry
samples, carefully washing it through the No. 200 sieve using tap water, then
oven dryina the residue for twenty four hours. After drying the sample, it
is then ran through a stack of sieves of varying sizes for 10 minutes. After

sieving, the weight of soll retained on each sieve iIs determined.

The alternative method of obtaining the particle size distribution of the
soil, is the Dry Sleving methed. In this method, the whole sample Is dried
and passed though the sieves without any of the fine material being first
extracted by washing. This is a faster method, but not as accurate as the

Wet Sieving method, Both methods are listed in BS |377.

In this particular experiment, two samples from each of test pits 1,2 and
3 were tested. The result of the test are aiven in the data sheets of Appendix
4, These results are ploted as partcule size distribution curves of Appendix 4,

while a typical curve is hereby attached as Fio. 3.3,
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2 Jor 8 B Coeffeclent of Cencavity and Uniformity

To cbtain better classification of the soil based on their physical chara-
cteristics, the coefficient of uniformity and concavity of the soil are to be de-

termined.

The coefficient of uniformity C aives an indication of the spread(or range)

of grain sizes and is define as:

Where DIU which is usually refered to as the Effective size is defined as
the maximum particle size of the samllest 10 percent of the samples, This
figure is obtained by reading off from the arain size distribution curve, the size

at which the grading curve cuts the herizontal line through 10 percent,

Déﬂ is defined as the maxinum size of the samllest 60 cercent of the

samples.

The uniformity coefficient CU aives an indication of the spread (or range)

of grain sizes in the soil.

The coefficient of concavity is a measure of the shape of the curve between
the D&D and DIU arain sizes, and is defined as:

2
Cc Pap

(0070’

Values of CC areatly different from 1.0 indicates arain sizes missina bet-

ween the 060 and DIU sizes.

Thus for the three test pits under consideration, the value of the coefficient

of uniformity and concavity are as calculated next pace,
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PIT 1 - 1.0m
DIU = 017
DSU = 1.5
Dy = 390
Coefficient of uniformity C_ Y0 | 380 | o
Bis 0.17
Coefficient of Concavity Cc 2 ) |.752 6k
DgoPg 3.90 x 0.17
PIT1 - 25m
Djp = 0.36
Dyg = 1.60
Dy = 32
C n
v 60 = 22 _ a9
0 0.36
2
% . T e . 22
Bis, o Dia 3.2 x 0.36
PIT2 - |.Om
Djg = 0.0
Dy = 30
Dy = 70
g )
v 30 @ 7 70
Plo o
C 5 2
o _ 30 _ 3 _ 12.9
060 = DIU 7 x 0.1
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PIT2 - 25
DIU = 0.6
Dyg = 2.3
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o . 0.6
C D2
c 3 23 & hb
Dy » Dip 5.5 x 0.6
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R ¥
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2
% _ "3 3.0° I
Os5.« Pig 5 x 0.18
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3.2.6. [dentification and Classification of Soil

Field observation showed that the soils excavated from the three test
pits under consideration are reddish brown in colur. The Sieve Analysis re-
sults (Appendix 4) shows that in all the sarmples tested, less than ten percent
of each sarmple taken passed through the sieve No. 200, This confirms
the non-plastic nature of the soH_ and makes a hydrometer analysis unnece-
ssary. The sieve analysis results plotted out as particle size distribution

curves (Appendix 4) showed the following characteristics:

(a) PIT 1: About 94% of soil samples tested are larger than No. 200
sleve size. Also about 65% of the soil Is retained on No. 7
sieve size.

PIT 2:
(b} The particle size distribution curve shows that about 95% of the

soll tested is larcer than No. 200 sieve size and about 75% is

retained on the No. 7 sieve size.

(c) PIT 3: It is observed from the results of sieve analysis that more
than 95% of the soil is retained on the No. 200 sieve size

while more than 75: is retained on the No. 7 sieve size,

Classification of the soil in accordance with the British Soil Classi-
fication System for Engineering Purpose (Table 8 855930 1981). For all
the sarmples tested, less than 35% of each of the samples is finer than
0.06rmm (i.e sieve No. 200). Thus the soil Is a coarse soil. Also more than
50% of each of the coarse materials tested was retained on 2mm sieve (i.e
sieve No, 7). Thus indicating that the soil is Gravelly, It was further
observed that the fine particles present in all the samples are less than 10%
but gererally more than 5% . The soil therefore contains a measure of

fine scils and is either a silty Gravel or a clayey Gravel.
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From a plot of liquid limit values aaainst plasticity index values
(fig. 3.2) as obtalred from table .4, it is cbserved that all the points
plotted fall above the A - line. Thus indicating that the fine material is
clay. A lock at the uniformity coefficient values cbtained from Table
3.6 shows that the values are generally high. Since none of the uniformity

coefficient values is less than 4, this indicates that the soil is well araded.

Hence the soil under consideration is classified as Well graded clayey
Gravel GWC, Since the fine particle contained in this soil is less than 10%
and maximumn plasticity index is less than 25, the soil could not possibly be
an expansive soil. Hence a Well Graded Clayey Gravel exhibiting collapsing
characteristic is estabiished, The clay present acts as a binder for the

Gravel particles, and may absorb water and becorme weak when submerged.
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3.3 Strength and Deformation Tests

L
I

These are tests to determine the Stremqth and Deformation chara-

cteristics of the soil. The tests under this group are:

{a) Compaction Test
{b) Undrained Triaxial compression Test

(c) Oedometer consolidation Test.

It is important to state that although undisturbed sampies were obtained
from the site, most of the tests were carried out on disturbed samples.
This is because the cravelly nature of the soil during the dry season made it
impossible to extrude stable samples from the core cutters. Thus, no un-
disturbed core samples- were obtainable. Furthermore, the identification and
clagsification tests on the three test pits under consideration have shown that
the soils in the three test pits are virtuslly the same. Thus to reduce cost
and save time the number of tests were limited to samples from only

two test pits.

3.3.1 Standard Proctor Compaction Test

In order to determine the maximum dry density of the soil and the
optimum moisture content, the Standard Proctor Compaction Test was per-
formed on cne sample each from the three test pits. In this test, a cylin-
derical mould 950mm3 in valume is filled in tihree layers, each layer of the
soll being compacted by 2% blows of a standard rammer which has a mass
of 2,5kg and drops 300mm at each blow, The mould Is fitted with a
detachable collar which enables the scil to be compacted to a level slightly
gbove the rirm of the mould {tself. The collar is then rermoved and the

surface carefully struck off level with the rim.
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The bulk dersity is cbtained by weighing the rmould, and a small portion of
the soil is taken for moisture content determination. From these measure-
ments the dry density is calculated. The test is repeated for a wide range
of moisture contents, and a curve Is plotted showina dry density versus

moisture content. From this the maximum day dersity and optirmum mois-

ture content are read off,

Also from the results obtained, the Zero-Air-Void curve could be
plotted for each test. Also since the specific gravity of the soil is known,

the void ratio corresponding to each test point is obtained.

The results of the compaction test cactied out on samples from test
pits 1, 2 and 3 are qlven in the test data sheets of Appendix 5, while a

sunmagy of these results are aiven in Table 3.6 and Table 3./ attached,
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3.3.2. Triaxial Tests

Triaxial tests were ¢un on eighteen samples taken from the test pits.
The alm of the test was to enable a qood detegrnination of the enginee¢ing
pacameters of the soil to be obtained. As earlier stated, it was impossibe
to obtained undisturbed samples from the core because of the natuge of the
s0il which crumbles on exteuding. Thus remoulded samples at the optimum
moisture content and maximum dey density were prepared from samrples
taken from pits 2 and 3. Unconsolidated undrained triaxial tests were
carried out on these sarmples. For these tests, only sarmples taken feom 2.0m

and 3.0m depths respectively were used.

To further Investigate the effect of collapse dur to inundation with
water on the samples, additional samples were taken from test pit 3 and
prepared at molsture content levels higher than the optimum moisture content,
Similar triaxial tests were also carried out on these samples and the effect

of increase in water content on the shear parameters of the soil were noted.

It is important to state that the difference between the field molstur
content values during the dry season (Table 3.1) and the optimum mpisture
content values {Table 3.6) is very minimal, Hence the use of samples at
the optimum moisture content cives a good estimation ef the shear para-

maters of the disturbed soil at the field maisture content,

The shear steength obtained feorn these are comsidered to give very

gonservation estimates of the sheae strength conditons obtaining in the fleld.

Bearing capacities calculated with these set of parameters are likely
to nive the most conservative estimates of the allowsble foundation beacing

capacities,
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The triaxial tests were carried out as follows:-

PIT 2 A total of 6 samples tested.
(a) 3 samples at Optimum Moistuge Content of 11% were taken at a

depth of 2.0m.

(b) 3 samples at Optimum Moistuce Content of 11% were taken at a

depth of 3.0m,
PIT 3 A total of 12 samples tested.

(a) 3 samples at Optimum Moisture Content of 10% taken at a depth
of 2.0m.

(b) 3 samples at Optimum Moistuge content of 10% taken at a depth
of 3.0m

(c) 3 samples at a moisture Content of 15% taken at a depth of 2.0m.

(d) 3 samples at a moisture content of 15% taken at a depth of 3.0m

A summary of the result of this investication is given in Table 3.8,
while the detailed laboratory results, mohre circle are aiven in Appendix 6.
A typical mohr cigcle and araph of Deviator Stress Versus Strain is here

attached.
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3.3.5. Dedometer Consolidation Tests

As can be seen from the results of the eariler tests carried out and In
pacticular from the results of tests to determine the physical peoperties of
the soil, it can safely be concluded that the soil in question is not a clay
soil. Hence the aim of an Oedometer test is not primarily to determine the
rate of settlement, but to study the effect of change in moisture content on
settlement, This test is almed at confirr‘nlﬂu that the soil is of the collapsing
type. In addition, however, from the compression versus time relationship
for various load increament, the settlement characteristics of the soil will

be observed.

To achieve the above stated objectives, three Oedometer tests were
carried out on three sarmples of the soil at different initial moisture contents,
Each sample was subjected to the same Incremental loading conditons and
their response to these loads were recorded. The result so obtained gives a
aood understanding of the relationship between moisture content and collapse

of the soil.

The three samples tested were at initial moisture content of 9.67, 13.68
and 15.9% respectively. The loads applied on the samples ace |.13kao, 2.26ka,
4.52kg, 9.04kn, 18.0Bka, 36.16ka, 74.52kaq respectively and each load was sus-
tained for 24 houss before being increased. The results of the tests are as
shown in the test Data sheet, of Appendix 7 while a graph showing the
variation of vold ratio with pressure for the thgee values of moisture content
chosen Is qglven In Fia. 3.4, Fig. 3.3a - 3.3c shows the variation of

settlement with time foc the three samples chosen,
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CHAPTER FOUR

ANALYSIS AND DISCUSSION OF EXPERIMENTAL RESULTS

A very good look at the various tests casrled out gives a clear undeg~
standing of the natuge of the soil present at the site under investioation,
The gesult of each of the tests s discussed and whete necessary opinions

are given on these gesults,

4.1 Classification Test gesults

(a) Molstuge content determination

In this test, moisture contents wege detegpmined on sarmples from thgee
test pits during the dry season, The variation of molstuge content with depth
for these test pits were obtained and plotted ggaphically, A fourth test pit
was sampled duging the gainy season and the vagiation of moisture content
with depth also determired, The plot of moisture content against depth for
these four pits gave a clear Indication of the vagiation of moisture content
with depth and with the seasons, The Intention hege Is to have a clear know=-
ledge of the geolon of substantial seasonal moistute content vagiation, The
result shows that thege Is substantial mofstuge content vagiation in the soil up to
2.5m depth, Hence any foundation founded within this region will be sub-
jected to change in soil properties caused by moistugze content changes, Be-

low 2,5m, the variation in moistute content geduces,

A hetter undegstanding of the variation of moistuge content with
depth across the seasons would have been obtained, if moistuge content
values * wege obtained at integvals of one month all thgough the year. Never-
theless, the gesult so obtained would still have been dependent on the in-

tensity of rainfall for that pacticular year.
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The result of test pit four would have been a better estimate of maximum
moisture content vaciation with depth If it was taken In September, imme-
diately after the last rains, but time constraint on this project work makes

such a wait unaffordable.

(b) Specific Gravity Test

The specific aravity is used in calculating properties of the soil such as
bulk density, dcy density, vold ratio, etc., (see Table 3.7). These propecties
facilitate the classification of the soil., The cesult of the specific geavity
tests on samples taken from various depths of test pits 1, 2 and 3 are sum-
macised in Table 3.3, The re-ults are consistent and shows the existence of
soils of similar geological origin in each of the three pits. The averace value
of the specific aravity cbtaired is 2.74 and this falls within the range of

values of specific geavity for sands and aravels.

(c) Attecberg Limit Tests

Attecberg limit tests wece pecfogmed to enable a good classification of
the soil to be made. Summary of the Atterberg limit test cesults is presented

in Table 3.4.

Attecbecg limits vary with the amount of c'ay peesent in a soil, or the
type of clay mineral present or on the natuce of the lons absorhed on the
clay surface. The intecpretation of liquid and plastic limit tests Is gceatly
facilitated by the use of the plasticity chact developed by A Casagrande., For
all the samples tested, It is observed that their points on the plasticity chart
lies above the A line., From the values of plasticity index obtained it can be

infecred that the soil Is of very low plasticity.
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(d) Pacticle Size Analysis

This test is aimed at determing the particle size distribution of the soil.
Most systerms of sofl classification depend to some extent upon the distcibu-

tion of vaclous sized pacticles In the soil.

Although several systerms of particle size classification are In use but the
system used hece Is based on that evolved by the Massachusetts Institute of
Technology which has been adopted by the Beitish Standard Institute. The
results of particle size analysis is the one most [inportant cesult that enables
a good physical characterisation of the soil to be caccied out. [t is usually
presented In the form of a particle size disteibution curve. The result of
particle size analysis carcied out on six samples of the soil are as shown In
the data sheet of Appendix 4 and the corresponding curves are also plotted
and included in Appendix 4. Also a summary of the values of the coefficient
of uniformity and concavity are glven in Table 3.5, The result of this test
shows that the socil contains a vecy small quantity of fines, usually less than
10% with a larce proportion of sand and aravel. Also coefficfent of uni-

formity and concavity values, show that the soil is well graded.

The above analysis and discussions justify the classification of the soil

as Well Graded Clayey Gravel.

4.2 Steength and Defoemation Tests

(1) Compaction Test

This test was cacrled out with the alm of detecming the Optimum Molsture
Content and Maximumn Dgy Density for each test pit. The result of these
tests are summarised In Table 3.6, From the cesults, the Maxirmurn Optimum
Moistuce Content (OMC) for the theee pits is approximately 10.8% while the

highest Maximum D¢y Density (MDD) is about 20.2kN/m3
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This cesult shows that the field molsture contents for depths of between
1.0m to 2.5m are In most Instances close to the optimum values. Since it
was impossible to obtain undisturbed samples feom the mould, the result of
the compacticn test formed a good basis for knowing the state of the remoulded
samples used in determing the steength and deformation propecties of the

soll.

(i) Jelaxial Test

The results of teiaxial test are shown in Table 3.8. The results give
values of the cohesion and angle of internal feiction for the soil at various
depths and molstuge content. These values could be used to obtaln the safe

bearing capacities corresponding to the varlous depths and molsture contents.

For a better appreciation of the effect of inceease In moisture content
on the strenath properties of the soll, calculations weere carcied out to deter-
mine the allowable soll Bearing Pressure corresponding to the diffegent
mofsture content values. Since it has been shown eaclier that the soils In
each of the three test pits under consideration are basically the same,
thece will be no secious loss of accuracy [f the compacison of the vaciation in
shear strength with moisture content [s limited to only one test pit. Thus
for the purpose of compacison test pit 3 was Isolated and triaxial tests on
sarmples at diffecent molstuce contents wege caccled out, It will be recalled
that during excavations for the test pits, it was obsegved that foundation
to the bulldings on site wece generally located at about 900mm below gound

level. Alsoc most of the foundations were obsegved to be of the steip footing

type.
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In orde¢ to compute the. allowable bearing capacity of the soll, the
followlng assumptions were made:-

(1) That the foundation depth Is 1.0m below ground level,

(2) The foundation Is of the steip footing type.

(3) A width of footing of 0.75m is assumed to have been used

(4) Assunw a factor of safety against falluce of 3

(5) The bulk density of solls in test pit 3 is 21.]R‘.N/m3 (Appendix 5).

Thus using the Teczarghi aspproach; Ultimate Bearing Capacity

q, = ONc+ JZ (Ng -1) + 0.50BNy whece C = Cohesion of soll In Kilo-

newton peg square metes (kamz).
Nc, Nﬂl and Ng age bearing capacity factors whose value depends only on the
anale of sheaging reslstance of the sofl.

B Width of foundation in metres (m)

{

Z

n

Bulk density of soll in Kilonewton pes cublc metces (K. N/m3)

n

n

Depth of foundation In metges (m)

FOR PIT 3

(a) Molstuce Content at O M C {l.e. M = 11%).

(i) .' Depth  1.0m
2

& = Z8KkN/m
@ = 2“0
Ne = 1932, Ng = 9.6, Ny = 9.4

qu = 26 x 1932 + 21,1 x 1,0 (9.6-1)+0.5 x 21,1 x 0,75 x 9,44

= 50232 + 1B1.55 + 76.72

= 760.5¢ KN/mé

§
Safe Beacing Capacity . D o 26037 = 253.5 k N/nn2
3 3
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(10 Depth 2.0m

C = 32KN/m?

Q = 1°

Nec = 835 Ng - 2.47, Nai = 1,22

GQu = 32 x 835 + 211 x 1.0 x (2.47-1) + LS x 21,1 x 0,75 x 1.22
= 267.2 + 31.0 + 9.66

= 307.86KN/m?é

Safe Bearing Capacity ——301'86 = li:l?.ivl't'l‘\l/rn2
(b) Moisture Content M = 1B%
(1) Depth = 1.0m
C = lekn/m?
® =
Ne = 7.6, Ng=1l.88 N = 0.7
9 = 16 x 7.16 + 21,10 x 1.0 x (1.88-1) + 0.5 + 21.1.1 x 0.75 x 0.71
= 114,56 + 1B.6 + 5.6
- 138,76kN /m
Sate Beacing Capaclty s li}A &G.IKN/mZ
(1) Depth = 2.0m
C = l‘;?k.I\J/rn2
® =6
Ne = 681, Ng=172, N = 057
% = 19 x 6.81 + 21.] x 0.72 x 10 + 0.5 x 21.1 x 0.75 x 0.57
= 12939 + 1526 + 4.5
. 149, 16K N/m?
Safe Bearing Capacity = L S 69, 7KN/m?
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.me the above set of results it fs s;een that jnundating this soil with
watler results in a tremendous ceduction in allowable soil bearing capacity.
Although the maximum soil moisture content obtalned durlng the wet season
Is about 13%, a moistuce content obtalned durina the wet season is about
13%, a moisture content of 18% had been used in thls test In the believe
that moisture content as high asl .that or even moge would have been obtained-

if sampling had been cageied out towagds the end of the wet season,

A good undecstanding of the effect of beacing capacity ceduction due to
wetting on the buildings can be better undegstood if an estimate of load in-
tensity expected at the base of most highly loaded buildings (Bungalows should
be used since all tuildings on the site under considegation ace bungalows) is

cagcied out and the gesult compared with the Beaging Capacity of the soil.

1

10:0m

//\
2 ;\\\ \ |
\ ' \ 5
3 N -
K3 \ 2
RN " \
4 B | 2

N 4

]
.

Fig. 4.1: Section theough & building on a lightly loaded foundation, |

For the above scheme, it Is safe to assume the following infoemation:-
Dead load on ¢oof - l.51<i\lfm2
Live load on :oof - [L25K N/m2 l_

Wall + Rendering - 3.3%'\1/:712 .
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Hence

Load/m at foundation

(i) Dead load from goof - 1.5 x 625 = 9,38

(ii) Live load fiom coof - 0.25 x 5.0 = .25

(iif) Dead load trom wall - 33x3 = 990

(iv) Dead load fgom wall under slab - 3 x 1,00 = 3.0

(v)  Self welght of footing - 0.25x24x0.75 =__ 4.5
«B.03KN/m

Since a foundation width of 0.75m is assumed

Load Intensity = 2803 =  37.4KN/me
0.75
This value Is still less than the woist allowable bearing capacity of 46.3KN/m

2
at 18% moisture content. Thus showina that the obsecved cracks could not
have been as a result of bearing capacity fallure. This cesult Is In agceement
with the findings of Jennings and Knight (1957) regacding collapsible soils

In South Afgica. It Is Important to note that most bulldings on the site do
not have spans up to 10m as has been assumed. Thus the typlcal structuce
consigered is prcbably a worst case analysis. Since the observed ccacks have

been .shown not to be pcimarily dueto bearing falluce it Is therefore strongly

felt thét the ubserved cracks is as a results of settlement failuce,

(i) Oedometer Consclidalion Test

The result of this test makes an interesting discussion. The compgession
Vs time (loa scale) ogaph (fio. 3;,3a to 3.3c) shows that for a given load on the
laboratory sample, moge than ninety percent (50%) of the compgression occurs

within the first one minute., Thus If the following assumptions are made:
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(1) That the total depth of soll on site is 3.0m

{2) That the foundation is at a depth of 1.0m below natural ground level.
(3) Inittal Helght of sarple hy = 20mm

(4) Height of soil In field h, = (3.0-1.0)m = 2.0m see fia., 4.2.

If dralnace Is both ways, then length of dialnage path = 4h

If drainage Is only one way, then lenrJth of dralnace path = h
Thus for test sample, Length of drainsge path = _ﬁ " 20 SR T —
2 2

Assume an {mpegvious layer below soll layer in the fleld.". Dralnage path lenath

= h2 = 2!‘7‘!

Hence if It takes the laboratory sample one rinute to achleve 90% cormpression

.5 Time t, to achleve 90% conslidation at site s
L0 10’
t, T 2000 . 20002 x 1.0
v m b : S = 40,0U0min. = 27.8days.
IDZ

This length of time is well within the construction peciod for any
building and the gesult shows that the settliement of the soil is not time de-

pendent and fucther conflerrs the absence of appreclable amount of clay.

The void c¢atio Vs applied pressuge reaphs foc vaglous watee content values
(fia. 3.4) aives a clearer pictuce of the effect of Increase In water content on
settlement of the soil. To further appreciate this effect, it is necessary to
compute the settlement due to limposition of a civen load on the soll at di-

ffecent molstuge contents,

Suppose a bungalew Is constructed on the civen soll at a depth of 1.0m

below the natugal ground level,
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If the depth of the compressible soll undes Investlgation Is 3.0m and the

structure Imposes a load of Smw,fmz on the soil.

.Bomjﬂ'"

. N e

[0

-

20 R — |

'JEWFS‘WW%WX“WFx}CHWWW

| Fppat

Filg. 4.2: Section theough a collapsibie soil layer on which a structuce load

of 501:N/m2 is Imposed,

Hence initial effective pressute at centee tlne of soll layer (assumino butk
density of sojl = 2I.IRN/H‘13 and wateg table at geeat depths).

P = 20x2Ll = G2.2KN/m’

Final effective pressure at centce line of soil layec

"

P 2l.1 (2.0-1, + 50

2
71T KN/m?

Feomr theory of consolidation

If AP = Pz- P-I
h = heldht of soil layer below foundation
Mv = Ceefflcient of compeessibility
e, = Initial vold ratio at pressuce F’l
e, = Final vold ratio at pressuce PZ
Settlement S = Mv &ph = e - e
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Thus aiven the same soil pressuce diffecence Ap, the settlement due to the

same soil at different moisture contents age alven as follows:

(1) Molstuce Content m = 9.67%
Settlerment = e? - e?
A
| + e |
Wherge: e'? = Vold ratio of curve A at Pressuge P-'I
A
e, = Void catio of cucve A at Pgessuce P?
h = Helght of soil below foundation.
A o
But ey = 0.695 (ref. FtrJ. 3.4)
E? . 0-67 " " "
h = 2000mm
. 0,695 - 0.67 )
i B Settlement S = 5067 x 2000 = 30mm
(2) Moistuce Content m = 13.68%
Settlerment = eB - eB
] 2 h
1 —B
e el
But e? = 0,745 (gefl, Fio, 3.4)
eg = U.?l L1 " tr
h = 2UUU
. 0.745 - 0.71
. Settlerment S = ERNE X

= Glmm
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(3) Mdsture Content m = 15.89%

Settlerment = 6 et
| 2 h
1+ ET
But e = 084  (ref Fig. 3.4)
e; - 0.80 " 1" "
h = Z000mm
. 0.86 - 0.80 N
.. Settlement S T+ 0.80 x 2000 = 50mm

From the obseqved result it is proved conclusively that for this type of
soil, settlement incgeases with increased moistuce content, It can therefore
be said that the amopunt of collapse {s a function of the moisture content.
One vegy Irmpogtant obsegvation s the magnitude of settlerrent cbtalned. The
value of 30mm for a molstuge content of 9.6% is compacatively high. Thece
is as of now, no fixed relationship between total and diffecential settlerment
even on a uniform soll. Buildings having a lacoe total settlement age ceg-
tainly more likely to have a laroe diffecential settlement. On vegy impoctant
jobs, it usually is wogthwhile to undertake a very detailed study of the sub-
soil, especiatly around colurmn ageas with the alm of determinag exact settle-
ment at such ponts. Based on the distances between columns and obsegved
settlements, the diffegential settlement and annular distogtion between two
colurmn points can thetetore be detegrnined, Althouch the settlerment values
obtalned ace hioh, they are expected to be hiuhec If undistucbed sarrples
were used. Hence the results obtalned are conservative estimates of the
fleld condlition, A plet of moisture content acainst settlement is shown in

fiouge 4.3,
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On a less Impoctant job, it may suffice to use an empegical celationship
between total settlerment and diffegentlal settlerment, and to state the
ceitecion In tecms of an allowable total settlement. Thus for this job,

the gelationship stated below could suffice.

Differential settlerment = (50 - 75)% of Totat Settlerent. Tena (1984)

Hence depending on the maximum moisture content envisaced, a total
settlement value could be obtained fcom fia, 4.5 and using the above stated

empegical celationship, the diffecential settlement expected could he computed,

From the cesult of cedometer test and settlernent calculation caccied
out, it Is evident that the causes of crack on the builgings within the site
under investivations is due to excessive settlerment occasioned by the Increase
in water content. Thus for any design to be effective, It must adequately

addgess the Issue of soil cotlapse due to fnundation.
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CHAPTER FIVE

SOLUTIONS AND RECOMMENDATIONS

5.1 Solutions

In the cousse of thls gesearch work, it has been shown that the soll
existing within the compound of the Sokoto-Rima River Basin Development
Authorlty Headguartess In Sckoto is of the collapsing type. Expegimental
results have proved that the amount of collapse Is dependent on the molstuge
content varlation of the soll, the sutcharae load expected on the soil and
the thickness of the collapsible soil layer. It has also been shown that
there is an appceciable geductlon In shear steenath values with Increase
in molstuce content. Thus It can be concluded that molsture content vagia-

tion Is a major soucce of problem on thls site.

In proposing a solution, a compgehensive look need be taken of all
possible means of solving the problem befoge making ¢ecormmendations as
to the solution that Is both peacticable and cost effective, Theee solutions

are therefore considered:-

(1) Impgoverment of collapsing soll propegty.
(2) Destgn of Effective Foundation Type to acequately cater for the
collapsing chacacteistics.

(3) Corsigegation of Ervitonmental and constructional Featuges.

- % B S Impgoverrent of Scil Propegties

Ore of the ways of founding a' foundation on @ collapsible soil without
causine much damange to the structuge Is by stabilizing the soll,

Fhol(1955) suagested two methods of stabilization,
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(a) Stabilizatlon by Mechanical Cormpaction

On this method, Abelev states that "Expeclence duting constiuction has
shown that measuges divected towagds peevention of woetting of the sofl undet
foundations do not always attain thelc objective since vaclous causes lead to
accldental soll molstenina. The simplest way of eliminating settlerment s
to compact the soll mechanically, and the efficiency of this method has been
cogrecobogated by expeglence cuginag consteuction of earth dams of loess solls
in the LSSR, Compactlon of thin layecs of loess undec the foundation s
cageled out with heavy tampees up to a peoint of refusal or until settlement
victually ceases". Another¢ method of mechanical compaction consideced by
Abelev (19595 by using the enetay of explosing. In this pacticular method
a blasting chatge Is loweged Into 60 to 70mm diameter hole deilled by means
of a vibcation o¢ pile dilver, and exploded. |hdegr the action of the explo-
slon, the hole expands, by compaction of the soil lategally up to 40 to 50cm

but remalns unchanged vegtically.

(b) Stabilizatlon of Loess Sofl by means of Sodium Silicate Solution

Peofessor Abelev further showed that "A method of stabilization of
loess soils undee the foundations of steuctuces consists of Injection into
the soll of a sodlum silicate solution, As & gesult of Integaction of
the solution with the soll, a sllicate el fil Is mediately fogmed frmpagt-
ing the following propecties to the soll: (eslstance to water, Incieased
stgength, Incormpgessibility and impecmeabllity". He concluded by saylng that
"The method of sllicification of loess sclls may be used as precautionary
measure when egectina new building og, In emegagencies when It Is necessacy
to stabilize settlement of exlstinng bulldings and stiucture without Integ-

cupting thels use".
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{c) Flooding of sites prioc to congtouction

Another method aimed at improving the soll is by flooding the site, Many
attempts have been made to Induce collapse by surrounding the site with
low dikes and flooding the enclosed area. The procedure has been used
successfully to treat the foundations for eacth dams, Foc sevecal reasons
It has not been so successful, however, In connection with foundations for
bulldings. In some Instances collapse cannot be induced by flooding alone, but

may gsequlre additional welghts,

5.1.2. Design of Effective Foundation Type

A reallstic design approach which consldecs the collapsing propecties of
the soll, foundation cost and environmental factocs can be accived at by a

]udiclnus_ design procedure,

Varlous methods ace availsble foc the solution of the foundation pro-

blems posed by this soll., These methods ate thecefore discussed below:

(a) Pleg and Beam Systerns

In this solution, the slmplest appeoach is to carey the foundation down
to the depth at which collapse phenomenon is absent or of neqligible pro-
poriions, This may be achleved by nocmal piling o by the undec-reamed type
of piling, depending on the strennth of the sofl &t the founding depths and |
the loads to be cacrled. In this situation, the giound floor slabs ase suspended
on beams carcied by the plees.  This method although vecy effectlive, Is ex-
pensive to cagey outy thus bearing In rnIn.ci the size of structure under con-
sidecation and the generally weak financlal base of post people

wishing to build In this area, this method Is nol highly favouced,



(b) Styin Foating System

Althouadh stcip footing systems are extensively used by most bulldess
wlithin this acea, thelr perfocrmance §s poor and no regorous design procedure
for stelp footing on collapsible soils yet exlsts, Most common stelp
footings ace designed fcom expecience and feom a corslderation of allowablg
beacing pressure at the fleld moisture content. Beacing pressure howeves ls
cacely a problemn for collapsible soils even aftec making due allowance for
thelr seasonal molstuce changes, except during an unusual calny season.
Moreover, stelp footings are usually unceinforced and can therefore not acco-

mmodate deflections arfsing from diffesentfal settlerment.

In general strlp footing foundation systermns have been shown to lack the
three dimensional rigldity necessacy for satlsfactory performance on a
collapsibie soll. It Is therefore not recommended as a foundation type on this

soil.

(c) Raft Foundattons

The use of raft slabs on collapsible solls Is recognised as belng the
most satisfactory, structural foundation system for celatively flat sltes.
The. kipd of raft construction specified should be ¢igld enough to withstand
the expected distortion with minimum damage. Since thls type of con-
struction Is usually vecy expensive, consequence of bullding raft slab on
collapsible soils should be explained to the owners. Slabs placed on ground
are deslgred to move with the subsolls and are commonly cefecced to as
"floating slabs". The only tesecvation with this kind of foundstion fog
Hohtly loaded bulldings on collapsible solls s with reqaed to the cost of

foundation consteuction vis-a-viz the total cost nf the bhoilding,
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(d) Speead Footings with Geound Beams

Although this type of foundation Is not In common use, but it Is highly
favoured. It has the advantage of ease of constguction, lower cost of con-
steuction and theee dimentional ¢lglditty gequiced by foundations on difficult

soils.

In thls method, spread footinas designed on the basis of pegmissible beacing
capaclty at appropciate molstuge content are proportioned such that the dis-
toction due to uneven load Is very minimal, In this type of foundation,
columns are placed at a maximum distance of five metecs each and the
footings are tled togethet with geound bearrs, structugally designed to take up
the maximum differential settlement expected. The gound beams ace also
desioned as beams supported between two columns and cacey the weldght of
blockwalls up to the underside of the oof beam or floor beam as the case
may be. The beams should thecefore be capable of gesisting moments Intco-
duced by sinking of suppocts to the tune of the‘max!murn diffecential
settlement expected between the two supports.  To further educe the effects
of differential settlement on the super structure, expansion joints are provided

at maximum spacing of twenty metegs.

(e) Minlmum Nepth Considegation

Results of molstuge content tests, show that molstuge content varlation
with depth acgoss the seasons s minimal from a depth of 2.5m down. Since
molstuce content variation Is the one most celtical factor that affects the
bearing capacity and settlernent chacactetistics of the soll, it thus follows

that a foundation founded below 2.5m will be stable.
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It Is thegefore sugaested that In ogder to provide a suitable foundation

base, the soll Is temoved up to a depth of 2.5m and (eplaced with thocoughly
cecompacted late¢ite, compacted in thlr.w layers sultable fog the compaction
plant utilized and at optimum moistuge content to achleve a doy density equal
to at least 95% of the maximum dey density as glven by the Proctor com-

paction test,

The beacina capaclty of the latecite after recompaction will laggely de-
pend on the amount and consistency of the gecompaction achieved on site
and on the width of the foundation, It Is therefore recommended that
monitoring of the compaction be continouslly caccled out with In-sltu density

tests and molsture content determinations to ensuwee oood compaction.

Altecnatively, the excavations could be fllled with [ean mix rmass concrete

of lS-N/mm2 up to the undecside of the foundation.

5.3, Consideration for Frviconmental and  onsteuctional Factogs

Extensive [nvestigations on some of the distgessed houses within Sokoto
metgopolls has cleacly highlighted the problem assoclated with lahtly loaded
foundations on collapsible sofls. These problem ageas reed to be clven
adequate consideration In order o evolve a8 cormpgehernsive d'eslgn process for

bulldings on collapsible soll, and these could be classitled as follows:

(1) Agchitectucal Featuges

In conjection with a conventlonal ¢aft of speead footing with ground beam
deslgn method, It Is essentlal to consldec specific architectucal featuges
which may be moce belttle than the genegal supecstoucture.  In genegal whege

belttle featuges are used, additional stiffening Is ¢enulced.
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Pacticulac attention should be pald to the stiffening of footlng undeg
acchways and feature walls and around house entry areas. Home ownecs age
wsually moge tolecant of minor moverments In bedeoorms and Hghtly teafflcked

areas,

Wing walls and peojections of fsolated blockwogk fgom housing slabs on
collapsible sclls will be subject to celatively high movements. [f cllents
cannot be dissuaded fcom the use of such features, then It Is essentlal that
either movement tolerant joints be detalled at the house/wing wall junction

oc In the case of small peojections the footlngs should be heavily stlffened.

(2) Dyalnane

As has been eagllec shown, molstuge content vaclation Is a major sougce
of distress for bullding on collapsible solls., Thecefore dralnage delalling
Is an essential feature of any design. The need for an effective site
dealnage should be acknowledoed by all as an essentlal design featuge.
Supersteuctuge distgess due to local ponding of waler Is as severe as that
due to leaking pipewock, and both factoes ace difficult to corsider In an
economic deslgn. At all collapsible soll sltes, the footlng pe¢lmeter should
be effectively graded to prevent the ponding of sugface water against the
footlna. At slope sites o wheee high cun off Is expected appropglate sub-
sucface dralnage should also be Included as pact of foundatlon deslgn. The
backfill acound the foundatlon walls are compacted 1o between 90% to 95%
of the standacd Proctor density as eacller detegmined. It Is cecommended that
basement construction or Indeed foundatlons be protected by an adequately
deslgned sub-dealn system. The subdealn system usually consists of a peg-
focated plastic plpe stgenunced by acared meavels placed aboot 30cm below the
basement slab or feooting and dralned at a mintmum 1% slope to an outlet

where water can be ¢emoved by pumping of qravity methods.
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(%) Piping

Service plplng, particulacly waste and stoem water outlets, If placed
along the length of a footing, could cause substantlal settlement. Thecefloge
It Is consldeced essential that plpe trenches be offset as far as practlcal
from footings. Also where piplngs pass undee o¢ theough footlnos, peovi-

slons fog Inevitable differentlal movement should be made,

(4) Landscaping

An econornic foundation deslan on a collapsing soll cannot be achleved
without some conteol over landscaplng, Sorme landscaplng featutes which cause
major peoblems Include the placement of ralsed garden beds ocr pavings along-
slde footlngs. Whege these garden beds are watered excessively or where
paving Is Inte¢mittently placed acound a house, the footings ace usually
subjected to uneven settlement. Poocly placed paving or gacden beds which
fall towacds a fooilng ate llkely to cause uneven collapse and home ownegs

should be warned agalnst this problem.

All bullding ownecs are advised to have exleclor geade sloplng away
from the steucture In all dicections. A minfmum slope of 5% to a minlmum
distance ?f 3 metges away fecom the foundation wall Is recommended. Lands-
caping which requltes excessive wateclng are cecormnmended to be planted a

minimum of 1.5 to 3.0 meters away from the foundation wall,
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5.2 Leeorret ondations

A close look at the solutlons proposed shows that althouch the pee-
sentation on Improvement of collapsing soll peopecty Is quite Intecesting, the
technology and cost of embagking on such a venture does not make It att-
ractlve. WIth regacds to Foundation Types, varlous types of foundatlon sult-
able for a collapsing soll were tevlewed and the minfmum depth considecation

put foeward Is favouced.

Based on the gesults of the -tests cagcled out, It Is proposed that a
reinforced conceete pad foundatlon between 1.5m and 2.0 squate and located
at 1.5m below natugal oround level should be wsed. The fogmation level
(depth of excavation) should be 2.5m below natugal oround level and the
diffetence between the focrmation level and
the depth of foundation should be filled with well compacted dey lean mix
concrete of ]UN/mm2. The fogmation level should be cacefully Inspected
and rodded to Identlfy any exIsting loosely packed aceas, which If encounteged
should be completely cemoved and ¢eplaced with lean mix conceete, Over
excavation and Inadequately compacted backf{ill should be avolded. The soll
at fogmation level should be thogrouohly compacted 1slng @ heavy vibgatory

coller and Immediately protecled with a blindina laye¢ of conceete,

To aveld cracking of walls, block walls should be placed on top of
geound floor bearms.  These ground bearrs which wiil seeve as additional
stiffenegs for the steucture should be structugally desloned te withstand the

effect of possible diffecentlal settlement while supporting the blockwall,

For clagclty of concept, a typlcal desion of the gecommended solutlon

Is heceby presented.
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Fig. 5,1 ano 5.7 shows the ground/foundation layout and ceoss section theough

a typlcal lightly loaded strucluce.

The followlng deslan Infogrmation age assurned.

(8) Dead loau on roof = 1.5 N/m2
(b) Live load on ¢oof = 0.25 k.\J/m2
(c) Wall + Renderlng = 3.0kN/m?

Bearlng Capaclty Corsideration

At the foundatlon depth of 2.5m Naxlnurr mioistuge content = 12.7%
Hence minlmum safe bea¢lng capacity = |00k 'rnz
as earller calculated,
Fo¢ foundation to cclumn BI
(1) Dead loac from foof = 1.5 x 5x 5 = 315 %
(2) Live load fcom goof = 0,25 x 5 x 5 = 6.25K N
(3) Dead load firomwall = 2 x 5x 2,7 = 40.5
(4) Self welghit of roof beam = 0.23 x 0.3 x 24 x 5 = 8.28
(5) Self welaht of ground beam = 0.45 x 0.23 x 24 x 5 = 12.42
- Total Seg¢vice Load 104.95KN
Actual soll Presswge = -—1—01—9—-5—— 104.95 2
Minimum Area of Foundation = __-1,5 x T = 46,6KN/m

This value Is lower than save beaging capacity of SD'kN/rraz uhtalned at
moistuge content of 18%. Thus from bearing capacity considegation this

foundation Is alrighi.
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Settlement Consigegation

For the scheme under considecation, the columns ace equally spaced,
rence the load caccled by each column age similac.  Also the test (esults
have shown that the soil profile within the agea under considecation age
similagc. It could therefore be concluded that the onlypossible cause of di-
ffecential settlement under the footinos is diffecence in moistuge content

value.

Results of molstuce content tests show that fcom 2.5m depth down-
wards, moistuce content vaciation ace minimal, hence it is expected that
dif fecential settlement will also be minimal. Fgom Table 3.1, minimum
molstute content at 2.5m depth is 9.37% while maximum moisture content
at .ihls depth Is 12.7%. These values cogrespond to a settlement value of
29mm and 38mm gespectively fcom fla. 3.5, Thus maximum pgobable
dif fecence in settlement between two footings at 2.5m depth is 9mm (f.e
38 - 29mm),

Anqulac distoction between two adjacent footings is equal to s 1:556
Tris value is less than 1:300 whicr; Is the minimum cequired for cr:gl:]: to

appear on finishes, and fac less than 1:150 requirec for steuctucal damage.

It can thigeloge be seen that the tecommendation put fogward s ade-
quate for effective foundation design. In considering foundations suitable for
this type of soil, It was obscgved that stdp footinos ace not capable of
accormmodating deflections a¢ising from diffecential settlement and thegefoge
should be avoided, and wall footings should be geplaced by geound beams

designed to carcy wall leoads.
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Finally it Is recommended that for effective pegformance of the
foundation, all proposals put focward reaacding corsidegation of enviconmental
and constructional featuces be adopted., It is hoped that by these gecommen-
dations, a desion criteria capahle of adequately catecing fog deficiences In

previous designs on collapsible solls have been put focwacd.
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CHAPTER SIX

CONCLUSION

6.] Conclusion

In the course of this project work, a study of lightly loaded buildings

subjected to severe cracks within Sokoto meteopolis was cageled out. The

result of the fleld sugveys necessitated the cagrying out of a comprehensive

geotechnical chacactegization of the soils within the compound of the Sokoto

Rima Riveg Basin Development Aulhogity, whete these cgacks wege noticed to

be most sevege. The gesults of both field and laboratocy investigations on

soll sarmples led to the recommendation of deslan crite¢ia that will enable

adequate and cost effective foundations to be desianed and constructed.

Based on the cesults of the invesligations cagtled out in this wotk,

the following conclusions can be deawn:

(1)

(2)

(3)

It Is conficrmed that the severe cracks noticed on most lightly
loaded buildinos within Sckoto Is lagaely due to the natute of the

subsoil prevalent in the agea.

It is shown that the soil within the sampled area (Sokoto Rima

River Basin Developrment Authogity) is of the collapsible type.

That the collapse of this soll Is dependent on Inceease in moisture

content,

That inundating the sofl with wate¢ ¢esults in lagoe settlemment of
the soil and a lacge reduction In beacino capacity which could pro-

bably lead to sheat failiwe of the soll.

That Mpistuge content vaglation with dopith acgoss the seasons s

minival from a depth of 2.5m down,



(6)

(7)

(8)

(10)

(1)
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A lagoe percentace of settlement of the soil at any glven sug-

chagge and moistuce content is instantaneous.

That a raft fourdation n¢ spread footing with ground bearns capable

of cesisting distogtion are suitable for thls type of soil.

That ceinfocced concrete spread footings founded at a minimum
depth of 2.5m below natucal ground level and tied with ground

beams at flooc levels age most favougable.

That the steip foundations used on most lightly loaded structuges
fn this area are Inadequate since they lack the three dimensional

¢laldity needed by a foundation on such problem soils,

That apact from the above stated desion considegations, adequate
thounhts should be given to segviceability, agchitectugal featuges

and factogs such as openinns and cognecs.

It Is also concluded that the final desian must Include restgictions
of warnings genarcing landscaping, diainage and plumbing main-

tenance, If economically realistic footings ace desiced,

214n414

(vegall, an economic and gealistic design of foundations on collapsible

solls needs an ennineer with good undegstanding of both steuctugal engineering

and geoutechnical engineecing.  Also an atteropt by any desloneg o Innoge the

unpredictable extraneous erviconmental factogs on the footing may gesult in

supersteuctuce disteess such as age cugcently peevalent on the site undeg

fnvestivation,
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Thus, footing design and falluge on collapsible sofls has to take into
considecation many factors which are often Intec-related and it should
thecefoce be cealised that foundation desions on such peoblem soils is moge
an art based on extensive experlence than a sclence based on a simple

mathematical model.
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APPENDIX I

Results of Moisture Content Tests for test Pit 1, 2, 3 and 4



YATEN CONTEHT DETERMINATION Dala §

Pioject Sokoto Rima River Basin Nev, Authogity  _ Job No. M.Sc. Civil 1989,

Localion ol Project  SOKOTO

Description of Suil __Reddish Brown. Well_gcaded Clayey Geavel,

Tested By . _ . E,CO, o o oo .. Date ol Testing 20th_Apcil, 1989 |

Date of Weighing

Boring no. PIT 1 Depth 2.5m [Depth 2,5m

Conlainer no. {cup) 60 22
Wi, ol cup 1 wel .aU_l] J 59.35 59.20 o
WL of cup 1 diy s.uT 55.70 55.60 J
Wi of cup 2040 | 2030 |
wioldyson | 3830 | 3w | |
WL of waler e 3.65 3.60
Waler contenl, % 10.35 10,20
Avetage = 10,27 o

Boting no.

Conlainer no. {cup)

WL ol cup I wet soil

Wit of cup 1 dry suil

WL of cup

WL. ol dry soil

Wl of water

Waler contenl, w%




WATER CONTENT DETEIIMINATION

Project Sokoto Rima Rivee Basin Dev, Authoeity

Location ol Mojecl

SOKOTO

Job No. mSe Clvil 19[{9

Description of Soil Reddish HBgown Well graded Clayey Geavel,

Tesled By = E.C.O.

Date of Testing  20th_Apgll, 1969,

Dale ol Weighing

Data g

NS ——

Boring no. prt | | Depth 0.5m | Depth 0.5.m Depth 1.0m | Depth 1.5
Conlinner no. (t.‘up.]. Fj___}-l-_‘ T F ._—.;; - 58 20
WL ol cup 1 wel soil 344 —;:20 | 34.60 32.21
WE slmig 4 arg sl | —;; i -_"32—.2-0 B 32,40 30.2)
WL ol cup 9.0 — -9_,[[) N _—_-:?.:I—[v]__ 9.00
Lol sy ol 23.5 23.10 23.30 21.20
Wi of water e | 2w | 2.20 1.90
Waler contenlt, % B.U‘)_ - - _E;E;‘}— i3 9.44 B.96i
Averaoe“_mz _'B_;Z;}TJ(-—_ : h__—“-_ﬁcéraqe = 9.20%
Boting no. PIT 1 i Septh 1.5m f_'}ep!h i.Sn\ Depth 2.0m | Depth Z.
Cunln-inor no. {cup; 5‘|" - 5_2-_ e ' 30 12
Wi ofcup t wetsoll | 6410 | 6690 | seln 56,80
WL of Ll:up I dry suiI_ 60.10 _ _6-1-:10_._ ] T 53:&0 53.00
Wi, o cin 20,80 2000 || 2050 21.00
WL of dty soil 3930 wao | | 320 | 3200
Weotwaer | a0 | se0 | | 270 3.60
Water contemt, 1% B 10,18 ‘J.ﬁa o 8.21 11.88
fvogane: = 9. 7% Avetace: = 10.05%



WATENR CONTENT DETERRMINATION

Project Sogkoto.Rima River Dasin Dev, Authogity

Location ol Moject S

Description of Soil Reddish Bcown. Well. graded Clayey Gravel,

Tested By ..

OKOT0O

SRR .11 1%, 5, ’

Job No.

_M.Sc. _ Civii

Dala

1989,

__ Date of Testing 20th_Apcll

Dale ol Weighing

Boring no. prr 2 Pepth 0.5m | Depth 0.5m Depth 1.0m | Depth |
Conlainer m;_(:u]?" ‘? o | _73 i 74
Wiolcup twetsoll | 37.8 | 37.60 36.9
WL of cup | (|_r',‘ soil 35_;{}—_ _____‘;:6[1 — 34.5
W1. of cup 9.0 o0 | 9.10
\ﬁjl u: u_l_ o _ZTL_? o . :E.-.5_ 25.40
NLL of waler 1 1.9 o ‘“—2U BB 240
Waler contenl, w% 7.12 R 1.55 9.45
Aver 'a'._;f..'" :_ﬁ_i}":_- Avegage B 7.8

Boring no.PIT 2

Conlainer no. {cup)

Wi ol cup I wel soil

Wi, ol cup 4 dry soil

Wt ol cup

Wi, of dry soil

W1, ol waler

Waler conlent, w"

Depth 1.5m

43

36.70

36.70

Averane:

|
|

Nepth 1.5

LAl

Depth 2,.0m

Depth 2

6 19

R R R
63.30 63.3(§

| sse0 | s9.40

_ 1 2060 20.8(
35,00 36,60
s | 3.
9.49 10.10

- ~Avegave: = 5.6




WATEN CONTENY DEITNMINIATION Dala Sh

Project Sckata.Rima Rivee Basln Dey, Authoglty  Job No. M.Sc. Civil 1989,

Location ol Praojec! SOKOTO ! e i a =

Description of Soil - Reddish- Brown Well acaded Clayey Ceavel.

Tested By ... E.CO. — - . _.._ Dateol Testing 20th Apcil, 1989, |
Cate ol Weighing
Boring no.pPIT 2 Depth 2.5m  [Depth 2.5m Depth 3.0m [Zepth 3.0
Conlainer no. (cup) | 11 00 69
WL, of cup 4 wel !;u-i-l- : 55.80 55,00 : £9.50) 67.10
WL ol cup 1 chy soil * __SI.DD ] 57:;.5-__ o 63.40 64.70
Wt of cup 70.80 20.90 20,10 20.50
wi. ol diy suil 30.70 | 30.70 B 42,10 44.20
WL of waler 4.30 3.40 6.10 446
Nater content, 1% 14.01 11.07 14.29 10.43 j
Averaoe: £ 12.54% Average: - 12.36%

Uunng no.

Container no. {cup)

Wit. ol cup I wel soil

WL ol cup 1 diy soil

Wi ol cup

Wi, ol dry soil

W1, ol waler

Waler conlent, w%




WAILR COMTEHT priEnrunation

Project Sokoto Rima River Basin Dev. Authogity
Location ol Mojeacl SOKOTO
Desciplion of Soul

Tested By E.C.O.

Job No. M.Sc. Civli 1989 |

Date of Welghing

Reddish Beown Well araded Clayey Gravel .

Lata Sh

Boting no. pIT 3 Depth U.5r:n Depth 0.5m Depth 1.0m |Depth 1.0n
Conlainer no. (cup) | 94 #-__32 33 31
Wiolcup | wolsoll | 3900 | 3930 | | 3340 32.50
Wiotoup (dysoh| 3g20 | 382 | | 3150 30.70
N . e i S
Wt of cup 9.10 3,20 9.10 9.0
weotdysol | 900 | 29.00 R 217
WL of waler ‘_- ;:.U_{;"“ “ _I:I‘U B - ‘_'"-l-.;}-—. I-UU
Water content, % _3_(4[] ;39 . 8_5 8.3
Average: = 3.6% Averaoe: = 8.4%
Boring no. PIT 3 |Depth 1.5m  [Depth 1.5m | |Depth 2.0m [ iepth 2.01
T 0 B e 63
I B o . N S|
WL of cup 1 wet soil 59.00 59.70 34.30 34,0
W ot cup 1 iy soi | g oo 55,40 BT EDE
V;-;'_l“i’ - EZELUL-T _ 20.50 _ Coa0 | 9.0
Wi Ui-;i-T_)’_-;;-*_i_‘ - | L;ﬁ.lU o _;.315 _ - 23.00 22.90
Wit ol .\;'mlm -—3.1[,1 | —-~--—3—'r)-{-j N I 7.?11 2.10
Waler t_m;u_u!_n_'-. ) é.BIJ | 11.55 | o ‘;.;?_‘_—' 9.7
) Averace: = 9.‘)-;!: Avetage: = 8.85%



WATER CONTENT DETERMNATION

Project Sckota Rima River Basin Tev. Authoglty Jub No. M,Sc Civil_1989

Location ol Mrojea!
|

SOKOTO

. Reddish. Beown Well oraded Clayey. Geavel

Lata Shl

Description of Soil

Tested By .. ... ELO: o : s

.. Date of Testing 20th_Apcil, 1989 _ |

Date of Weighing

Boting no. PIT 3 Depth 2.5m | Depth 2.5m Depth 3.0m | Depth 3.0m
Conlainer no. (cup) 61 - 63 3t 37
Wi of cup + wel ':.u_inl' mj_a-,;g 1 345 .0 389 360

WL of cup 1y soil | 32,1 _ H;I—E? 36.5 33.80
wi. of cup —9.10 K 9.00 _ 9.20 9.10
Wt ol duy suil 23.00 ;?_qil- - 213 20,7

WL, of water _2.20 2.10 o 2.4 2.2
Waler content, w% 9.57 9.17 8.8 8.9

Avecage: =‘__‘?.37‘L Avegage B.85%

Boting no.

Conlainer no. (cup)

Wi, of cup -1 wel soil

WL ol cup 1 dry suil

Wi of cup

Wt. ol dry soil

WL ol water

Water content, w'%




WATEH CONTENT DETENMINATION

. ! i i fver | if uthogii oty 1 ol ivil 1
| vty of 1 7 [ I
. \ |
| nphon ol | 15N 13¢ n i L i
esled Uy It e o Dale of Testing tt cil,
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WATER CONTENT DETERMINATION

Project Sokoto Rima River Basin Dev. Authocity

Localinn of Project
Description of Soil

Tested Oy

SOKIJIO

Job No.

Reddish Brown agaded Clayey Geavel.

W 2

Dato ol Tes

MSc. Civil 1989,

Lale of Weighing

ting 20th Apcil, 1969

Data SI

Doring no. PIT 4 Depth 2.5 Depth 2,5- Depth 3.0m | Depth 3|
Covtainer 1o, (oup) | 52 35 ] 3 23
‘;'\.'—I Ql CIII|J I wel soil -_(,2.} Z;U.Is- - h;xE.ti- 42
o e I e I
Wit of t:u—[; : 95 _ 85_ B 9.&. 9.4
Wi of t!ry-r-.uii B 2«;_; ;;;_;:27 ' B B SUE_ 29,0
Wootwater | 3 3.7 T Y
Water content, w% | 123 | I3 | s | el
Aveganes= 12.7% Avegage = 11.9%
Boring no. - i - e -
Cont:n—r;;;;*{cu;ai - h
WL of cup | wet soil — 3 I

WL of cup 1 dry suil

WL of cup

Wt ol diy soil

WL ol waler

Waler content, %




APPENDIX 2

Result of Specific Gravity ‘lest on pits 1, 2, and 3.



SPECIFIC GNAVITY OF SOIL SOLIDS ((.)

Dala Sheet 8

Project . Sokoto-Rima River Basin Dev. Authority JobMNo. M Sc__ Civil 1989

Location ol Project ______ SOKOTO BoringNo. PIT_1_SampleNo._______
Description of Soily Reddish Brown Well graved Clavey epth of Sample 0.2m
Geavel.
TotlodDy .- B B B . Dateof Testing
Test no. I 2 3
Wt. of bottle 4+ Water(full) Wa 3449 348.0 345.3
Wt, of bottle + Water+Soil W3 3503 359,70 356.3
Wet, of bottle + Soil W2 117,50 118.60 114,20
We. of bottle Wl 95.60 99.70 96.40
We. of Water (W4 - W1) 249.3 248.3 2489
We. of Water added to St)il{id_}:rf.’!)?fal.ﬁ 241,1 2472.1
We. of Soll (W2 - Wl) 21.5 18,9 17.8
E:ri Sru‘;BlE‘E:rdesgé;c:d14= 1.5 1.2 6.8
Specifi Gravity (;5=ﬁ;ﬁ_l. 2.92 2.63 2.62

Hemarks

__Average Value _

2.92 + 2.63 + 2.62

Average specitic granty of soil solids (€)) =

3




SPECIFIC GRAVITY OF SOIL SOLIDS {(.) Data Sheet 8

Project . Sokoto-Rima River Basin Dev. Authority JobiNo. .M Sc  Civil 1989 _

i Locationof Project ______SOKOTO _ __ BonngNo.PIT_L__ Sample No.
Description of Soil; Reddish Brown Well ﬂradvd Clayey 10epthol Sample 1.0m
Gravel.
TestedOBy..____E. C. O, Date of Testing
Test no. I 2 3
Wt. of bottle + Water(full) W4 3449 348.0 345,30
Wt. of bottle + Water+Soil W3 3613 364.0 363.80
We. of bottle + Soil W2 122.7 . 1245 126.50
We. of bottle Wl 95.6 99.70 96.40
Wt. of Water (W4 - WL) 249.3 2483 248.9
Wt. ol Water added to Soil(W3-p2) 238.6 2395 2513
We. of Soil (W2 - W1) 27 24.8 30.1
We. of Water displaced =
(Wa = W1)=(N3 - W2) = ¥ 10,7 8.8 1.6
»
Specifi Gravity Gu=N2-Wl 2.53 2.8 2.61

2.35 + 2.8l 3+ 2.61
Remarks ) o S . (S S e S LN 2.65

Average speclc gqeraly o ol solieds (€2,) 2.6



SPECIFIC GNAVITY OF SOIL SOLIDS (7)) Dala Sheet 8

Project . Sokoto-Rima River Basin Dev, Authority JobMNo.._M Sc  Civil 1989

. Location of Project ________SCKOTO Y BoringNoPIT_1___ Sample No.
Description of Suilz Reddish Brown Well graded Clayey Depth of Samplo L2m
Cravel.
Tested By E. C. O. Date of Testing
Test no. | 2 3
Wt. of bottle # Water(full) wa| 3445 348.0 345.3
We. of bottle + Water+Soil W3 358.0 362.3 362.7
Wt. of bottle + Soil W2 116.4 121.3 122.4
Wt. of bottle Wl 9%.6 §9.7 06.4
Wt. of Water (W4 - WI1) 2493 248.3 248.9
Wt. of Water added to Soil(Wi-}2)241.6 2610 2603
Wt, of Soil (W2 - WIl) 20.8 21.6 26
We. of Water displaced =
(W = WI)=(W3 = W2) = W 1.7 1.3 8.6
»
. g \?2- b\
Specifi Cravity t-::*-i._,.;_l',}‘h 1270 : 2.96 3.0
2.70 4+ 2.96 + 3.0
Remanks . S 3 B i
Average specihe gorvaly ot sol soliddy (€2,) . o ?'ﬂ_‘)_. R —— e




Geavel,

TestedBy . E. C. O. . Date of Testing

Test no. | 2 5
We. of boctle + Water(full) Wa 2440 L. 348.0 681.6
Wt. of bottle + Water+Soil W3 3564 359 4 701.3
Wt. of bottle + Soil W2 116.10 116.90 216.00
Wt. of bottle Wl 95.6 99.8 1H3.4
We. of Water (W4 - W1) 2684 248,2 498.2
Wt. of Water added to Soil(W3-H2) 2403 242.5 485,3
Wt. of Soil (W2 - W) 20.5 17,10 32.6
o, g 8.10 5.7 12.90
S:eci.fi. Graviey Gu=HZ-WL 2.53 3.0 2.93

SPECIFIC GRIAVITY OF SOIL SOLIDS ((.,) Data Sheet 8

Project . Sokoto-Rima River Basin Dev. Authority JobNo. M Sc_ Civil 1989

Location of Project SOKOTO Boring No. RIT_]____ Sample No.

Description ol Suil; Reddish Brown Well

Stafk‘d Clayey 1Depthof Sample _2,0m

233 + 3.0 + 2,53
N = 2,68

Remarks

Average specihc gravily ol sol soleds ()




SPECIFIC GRAVITY OF SOIL SOLIDS ((.)

Project _ Sokoto-Rima River Basin Dev. Authority JobMo. M Sc  Civil 1989

Description of Soil; Reddish Br

TestedBy _______E.

Ge

avel.

Locationof Project . SOKOTO __

own Well Smdf'd Clayey Depthof Sample

Date of Tesling

BoringNo. PIT_1 ___SampleNo.—

Dala Sheet B

Test no. ] 2 3
We. of bottle + Water(full) Wi 364.9 348.0 345.3
Wt. of bottle + Water+Scoil W3 399.30 26910 556,30
Wt. of bottle + Soil W2 118.90 1271.5 114.20
Wt. of bottle Wl 95.6 G54 96.40
We. of Water (W4 - 1) 249.3 250.3 248,90
Wt. of Water added to Soil(Wl-y2) z40.4 239.1 242.1
We. of Soil (W2 - W) 23,3 32.1 17.8
We. of Water displaced =
’(ua - WI)-(W3 - W2) = W 8.9 1.2 6.8
Specifi Cravity Gs=¥2-W1 2.6 2.84 2.62
2.6 + 2.84 + 2.62
Remanks ;. S i
Average specihe gravty of soil solids () = 269




Locationof Project ______SOKOTO __ Borngne.PIT_1___ sample No.
Description of Suil: Reddish Brown Well geaded Clayey Depthol Sample ___3.0m
Gravel. v
TestedBy . ____E. C. 0. DateofTesling
Test no. | 2 3
Wt. of bottle + Water(full) Wa ___zl_:_ﬁ.g _ 34{!.[)_"__ 345,50
We. of bottle + Water+Soil W3 553.3 364.10 363,80
We. of bottle + Seil W2 1172.5 124.80 126.50
Wt. of bottle Wl Y5.60 94,7 96.40
We. of Water (W4 - W1) 249.3 268,30 248,50
Wt. of Water added to Soil(wi-p2) 241.8 239.5 231.30
Wt. of Soil (W2 - WI) ol _Ii!.‘)__“_ ! ?',_'._._l 3.1
Wt, of Water displaced = )
é;ﬁla . ”l)"(‘\'3 - WZ) = W 7.5 ().U “.6
Specifi CGravity L‘.::w."ﬂ,’:'_,ﬂ 2.93 2,78 2,60
2.93 + 2,18 + 2.0U
Hemarks S . - S S 2.1n

SPECIFIC GRAVITY OF SOIL SOLIDS ((!) Data Sheet 8

Project . Sokoto-Rima River Basin Dev, Authority JouNo.._ M Sc_ Civil 1989

Average spocihe gty ol soill sobds ((2) -

—




SPECIFIC GNAVITY OF SOIL SOLIDS ((.,) Data Sheet 8

Project . Sokoto-Rima River Basin Dev. Authority JobMo. M Sc__ Civil 1989

Location ol Project ______ SOROTO

BornngNo. PIT_2___SampleNo.

Description of Soil: Reddlish Brown Well ﬂ:adud Clayey iDepthof Saniple _05m

Gravel.
Tested Dy E. C. Q0. Date vl Tesling
Test no. ] 2 3
Wt. of bottle + Water(full) W4 3449 348.0 345.3
We. of bottle + Hater+Soil W3 3I58.0 342,30 362.70
Wt. of bottle + Soil W2 116.4 121.30 122.40
We. of bottle Wi 95.6 99.70 96.40
We. of Water (W4 - WI) 2493 240.3 248.9
We. of Water added to Soil(¥3-p2) 2416 2610 240.3
We. of Soil (W2 - Wl) 20.8 216 260
Wet. of Water displaced =
(W = WI)=(W3 = W2) = W 157 1.3 8.6
» .
Specifi Gravity Cs ,-'-_'"_'-";EI_ 7.0 2.94 2.98
{ Ly
2.1 + 2,94 + 2,98 2.67
Remarks _ I I
Average specihic ageaeaty of sonl solieds (0) 2.87



SPECIFIC GRAVI1Y OF SOIL SOLIDS (€2,) Data Sheel 8

Project . Sokoto-Rima River Basin Dev, Authority JobNo.__M Sc_ Civil 1989

3 Locationot ropeet . SOROTO __ ___ BoringNo.BIT_2___ Sample No.
Description of Soil; Reddish Bgown Well E](adud Clayey iDepth ol Sample .0m
Cravel.
TestedBy ___ _E. C. 0. _______ DaweolTesling
Testno. | 2 3
Wt. of bottle + Water(full) W4 344.9 348.0 34955
Wt, of bottle + Water+Soil W3 3503 359,40 3549
Wt. of bottle + Soil w2 118.9 [17.50 112.20
We. of bottle Wl 95.6 99,70 964
Wt. of Water (W4 = W1) 2493 2483 248.9
Wt. of Water added to Soil(w3-g2) 240, 241.9 242.7
We. of Soil (W2 - Wi) 233 17.8 15.8
We. of Water displaced =
(Wh = WI)=(W3 = W2) = W 8.9 6.4 6.2
>
Specifi Cravity Gs=MiWl 2.6 2.78 2.55

2.6 + 2,78 + 2.55
3 =

Remarks

Average specilic aracaly of sonl soheds (02,) . 2:64
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SPECIFIC GRAVITY OF SOIL SOLIDS (i.,)

Data Sheer B

Project . Sokoto=Rima River Basin Dev, Authority JobMo. M Se. Civil 1989 _____

Hemnks

fwu:.‘lr;!--;;-vuf:r ol

3

ol Lol (40,)

Location ot Project . SOROTO Bonng Mo, PIT 2 Sample No.
Description of ol Reddish Beown Woell oeaded Clayey 1Depth af Sample 2.0m
Cravel, v
TestedBy _____E. C. 0. . Date of Testing
Test no. ] 3
Wet. of bottle + Water(full) Wi 3449 346.0 3453
We. of bottle + Vater+Soil W3 363.30 364.0 363,680
Wt., of bottle + Soil 1242 12645 126.50
Wt. of bottle 95.6 99.70 96.40
Wt. of Water (W4 - Wl1) 249.3 24R.3 248.9
We. of Water added to Soil(w3-f2) 2591 239.5 2313
We. of Soil (W2 - W) 28.6 248 30,1
Wt. ol Water di;:;_:'l:ni:{;d_= .
(W = WI)=(W3 = W2) = W 10.2 6.8 1.6
Specifi Gravity (41‘__‘:.51 2.8 2.0 2.60
2.8 + 201

n
|~
.
—~t
=




_Project. Sukoto-Rima River Basin Dev. Authority JobMNo. M Sc__Civil 1989

We. of
We. of

Wt. of

HWt. of

Wt. of

Wt. of

We. of
We. of

SPECIFIC GRAVITY OF SOIL SOLIDS (1)

Locaion of Project .

Description of Soit; Redeilsh Beown

_ SOKOTO

Well Urad-'.'(i Clayey epth ol Sample

Bosing Mo .PIT_2 ___ Sample No.

Data Sheel

Gravel.
TestedUy . __E. €. O, S Date of Testing
Testno. | 2 7
bottle + Water(full) Wa 3449 348.3 681 .6
bottle + Water+Soil W3 359.3 360.0 709.10
bottle + Soil W2 118.9 116.90 227.40
bottle Wil 95.60 99.1 183,40
Water (W4 - W) 249.3 2683 498,20
Water added to Soil(w3-p2) 240.4 241.1 481,70
Soil (W2 = ©1) 233 19.2 A4 00
Water df;]_:-l_;wud - o
(Wo = WI1)=(N3 - W2) = W 8,7 1.2 16.5
Specifi Gravity (::;*&2;&. 2.6 2.65 2,66
2.6 + 2.65 + 2.66
Remarks

Averiage speailic

RO o

aravity ol sonl solids (¢2,) -

2.64

e S




SPECIFIC GRAVITY OF SQIL SOLIDS ((.,) Data Sheet

Project . Sokoto-Rima River Basin Dev. Authority JobNo.__M Sc  Civil 1989 _ |
Location ot Project ___ SOROTO e BonngNo PIT_ 3 sample No. ]
Descuption of Suls Reddish Coown Wil lJre.u.‘a d Clayey Depthol Sample 0.5m
Gravel.
TestedBy . E. C. O, . Dateof Testing
Test no. I 2 3
We. of bottle + Water(full) Ws_ 3449 348.0 3453
Wt. of bottle + Water+Soil W3 359.5 365.10 36400
Wt. of bottle + Soil W2 120.00 127.5D 127.00
Wt. of bottle vl 55.6 95.40 96.40
We. of Water (W4 = W1) 249,53 250.3 248,90
We. of Water added to Soil(W3-f2) 23%.1 239,1 | 2371.0
Wt. of Soil (W2 - Wl) 264 2.1 30.6
Wt., of Water displaced = 9.8 1.2 11.9
(W4 = WI)=(W3 = W2) = W " B . .
Specifi Gravity U:;:E,‘.ﬁ}. 2.5 2.84 2.57

2.9 & 284 + 257
5 = ?:G‘l

Remuks

Averiage spectnc gty ol sonl soleda (2) ?or”,‘_




SPECIFIC GNAVITY OF S0IL 50LIDS ((.,) Data Sheel 8

Project. Sokoto-Rima River Basin Dev. Authority JobNo. M Sc  Civil 198 9

Locationol Project SOKOTO _  _  _ BonngMNo.PIT_3___Sample No.
Description of Swil; Reddish Brown Well szadrzd Clayey Depthol Sample 1.0m
Geavel.
Tested Oy __E. €. O, Date of Testing
Testno | 2 3
Wt. of bottle + Water(full) W4 3449 348.0 345.3
Wt. of bottle + Uater+Soil W3 361.3 363,10 362.7
Wet. of bottle + Soil W2 1923 124,10 1264
Wt. of bottle Wl 95.6 98.90 96.40
Wt. of Water (W4 = W1) 249.3 249.10 248.9
# (s z
We. of Water added to Soil(W3-p2) 238.6 259.0 228,35
Wt. of Soil (W2 - Wl1) 27.1 26.2 28.0
Wt. of Water displaced = .
Specifi Cravity u=;=£;}£}, 2.54 2.60 2.65
256 + 2.60 + 2.65
= 260

Remarks

Average specthe grasity ol sonl solids {(),)

3

2.60___




SPECIFIC GRAVITY OF SOIL SOLIDS ((:,)

Project - Sokoto=-Rima River Basin Dev. Authordity Job Mo

Locationc! Pruject SOKOTO

Cescriphion of Huly Reddish Beown Well graded Clayey 1Depthol Sample

Cravel.

TestedBy . E. C. O,

Lale of Testing

Data Sheel 8

M Se.___Civil 1989 ____

BoringMoR1T 3 __SampleNo.

lam

Test no. | ? 3
Wt. of bottle + Water(full) W4 364.0 340,00 681.6
Wt. of bottle + Water+S5oil W3 362.4 365.60 700,40
We. of bottle + Soil W2 123,00 126.5 213.30
Wt. of bottle Wl 95.6 99.00 183.40
Nt. of Water (W4 - WI) 248.2 248.2 498.2
2.4 239.3 487,
We. of Water added to Soil(W3-§2) #h - d B7.0e
Wt. of Soil (W2 - Wl) 29,2 26,7 29,90
Wet. of Water displaced =
(We = WI)=(W3 = W2) = W 8.9 8.9 11.10
Specifi Cravity (J.~:=&!.;,"f_l 3.05 5.0 2.69
3.05 + 3.00 + 2.69
Remanks 3 2.91

Average speciiic qravaly ol sodd saheds {(03)

291



SPECIFIC GRAVITY OF SGIL SOLINDS (¢.))

Data Si

Project . Sokoto-Rima River Basin Dev, Authority JobtMo. M Se  Civil 1989 .

i

Location of Project . SORGTO e BonngtoPIT 3 ___Sample No.___.
Description of Soils Reddish Beown Well gmdud Clayey 1Depth ot Sample 2.0
! Gravel.
TestedBy_.__ E. €. O, . Daeol Tesling
‘ e —
Test no.
I . 2 3
We. of bottle + ‘.1’;1ter(_f_1_:_ll.) W ____311&.9 348.0 3453
Wt. of bottle + Water+Soil W3 363,30 30410 763,10
We., of bottle + Soil W2 124,20 124.0 123.90
Wt. of bottle Wl 95.60 99,70 95.40
We. of Water (W4 - WI) 269.3 248.3 2499
N % 239,72
We. of Hater added to SBoii(wi-gay Snd 239.3 239.2
Wt. of Soil (W2 - W1) 286 22.) 28.5
Wt. of Water displaced = o I
(W = W1)=(N3 = W2) =W 10.2 9 10.7
Specifi Graviey Gu=¥2-31 2.8 2,78 2.66
H T — S
2.8 + 2.718B + 2,66
Hemarks . 5 = 2.75
' Average speaihc gty of sod sofids ((4,) . 275 -




SPECIFIC GHAVITY OF S50IL SOLIDS ()

Data Sheet B

Project . Sokoto-Rima River Basin Dev. Authority JobNo. M. Sc  Civil 1989

Locationof Project . SOKQTO ___ _ BonngNo. PIT 3

Description ot Soil; Reddish Beown Well E]CJ[‘lf‘d Clayey tDepth of Sample

Gravel.

Sample No.

2.9m

Tested By . _E. €. 0. . Date of Testing
Test no. 1 2 3
Wt. of bottle + Water(full) Wa 3440 348.0 681.6
wto Of bottle o W.'ltr.‘.'r'l‘Soil 1{3 362‘6 )(“}.9 ?Ug.IU
Wt. of bottle + Soil W2 123.6 122.9 227.40
Wt. of bottle W1 95.6 99.8 183,40
We. of Water (W4 - W1) 2484 2402 498.2
Wt. of Water added to Soil(W3-{2) 239.0 2400 481.7
We. of Soll (W2 = WI) 28.00 23,10 44,00
Wt. of Water displaced = y .
(W4 = W1)=(W3 - W2) = W 9.4 8.2 16.5
A )
Specili Gravity Gs=H2-W1 2.91 2.8 2.66
2,97 + 2.8l + 2,66
Remarks o S SRS 2.81
Average specihic gty of sonl solids (€7,) ?'B.‘_- -
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SPECIFIC GRAVITY OF SQIL SOLIDRS () Data Sheet

Project . Sokoto-Rima River Basin Dev, Authority JobMo. M Sc_ Civil 1989

Location of inroject . SOKOTO Bonng tio 113 Sample No.
Descripticn of Suil; Reddish Drown Well Smuf-u Clayey 1Depth ol Sample 3.0m
Gravel,
Tested OBy _______E. €, O, Date of Testing
Test no. | 2 3
bottle + Water(full) W4 681.6 345.3 348.0
bottle + Water+Soil W3 700.40 362,10 365.10
bottle + Soil W2 213.30 1239 127.50
bottle Wl 183.40 95.4 95.40
Water (W& = W1) 498.2 249.9 250.3
Water added to Soil(W3-¥2) 4R7.) _ 2392 239.1
S0il (W2 - Wl1) o 299 - 20,9 32.10
R 1.10 10.7 11.20
§ Gravity Gu=H2-H1 2.69 266 2.84
2.69 + 2.66 + 7.B4 - .73
Pk 3 i e
Average specilic geealy of sol sahids (o) 2.13 i



APPENDLE 3

Result of Atterberg Liait Tests on Samples from Pits 1, 2, and 3



ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project Sckoto Rima Rives Basin Authocity yob No. MSc Civil 1989
Location of Project __ SOOTO _  BoringNo. PIT.1 . SampleNo.

Description of Soit _Reddish Brown Well acaded Clayey Ceavel A

Depthol Sample D5 . Testod By & L. O o DN e

Liguied Lintit Dotermination

Can no. 8 4c K1 10 42

Wt of wet soil + can 41.00 4BAD 43,40 30,50 38.40
Wt. of dry soil + can 37.00 42,90 37.70 33.90 31,90
Wt. of can 20.40 20.30 20.50 20,40 20,80
wt. of dry soil 16,60 22,00 17,20 12,50 11.10
Wt. of moisture 3.80 5.50 S0 4,60 4,50
Water content, u% 22.62 24,34 31.40 3401 40,54
No. of blows, N 4] 32 24 19 14

40 1 T 1 Flow index F, —
: SN NS O I O Liquid limit = 31.00
® 50 i Plastic limit = _11,85
= = 1 Plasticity index [, = 1915
€ 40 A'_"I | ] B IS5, 55 05, &
: =1
S 30 T e T S G 1 o Pt et et B B SO B
s . Ni s
© i
2 20 1? ‘ ™
S A S =i
10 S [ |RRY (e = |, B 1
10 15 20 2% 0 40 50 0 6O 100

No. of blows, N

Plastie Limit Determination

Can no. 3 8 B4

WL of wet soil + can 25,30 25.80 1 25.86

W1. of dry soil + can | ZQ.HIi_— S —2_'7.,0 - o ‘2’:3-._!:[]_"_

W1 of can 20,60 __E’[J.ﬁﬂm : 21.00

Wt. of dry soil 1 420 4,40 4,40 -
Wt of moisture 0.50 n.on 1 (1,46 .
Water content, 1 %e - 1 . n _]_].5[] - _1 'ﬂ_r.;; I ||l.r..| o '




ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project Sokoto Rima Rijver Basin Authogity jeb No. MSc. Chvll 1969

Location of Project SOKOTO . BoringNo. PIT | Sampte No. 2
Description of Soit _Reddish Beown Well geaded Clayey Ceavel

DepthofSample _1.Om  TestedBy - E.C. O,  Date .

Liquid Limit Detenmination

Can no. 2 36 ? 26 ] l
Wi of wet soil +can | 40,50 41.00 38,50 37.80 39.50
Wt. of dry soil +can | 36,40 37.20 3350 | 3350 34,50
Wt of can 20,90 20,40 20,40 20,60 20,71)
Wt of dry soil 15.50 16.60 13.50) 12,0 13.80
wt. of moisture 3.10 3.80 4.0 4.50 5.00
Water content, 1 % 20,00 22.62 34001 35.43 36,23
No. of blows, N 4| 32 24 19 12
i B 1 ] Mow index |, =
60 ey (SRS ___.:,..._. e OSINSy SEPES PSR JRNE). BES . . o
R " i . A [ Liquid limit = 30,00 .
50 \\ - e e e Plastic it = 10,17
:.‘ I T { D A PMlasticity index 1, < 19,03
€ 40 |——1- - S o Cpm— Ly . ;
= SN N N (RSN M A .
b 30 . <4 - =
I3 < LN - ) [ I
£ 20 li . 1
/ UG, U . . O, - i
10 Ny B | [ S N 1
10 13 M 25 30 a0 L0 60 Bo WO

No. of blows, N

Plustic Lingit Determimation

Can no. 3 04 10

W1 of wet soil + can - 2540 ;-.}'!l Tl __——?5.?!'1

wt. ot d_ﬂ.[-SOll + can _‘.Zf.:.!l} il 3 ‘25.4’1{] I;.’!l..l;[j -
WL of can 21.00 21,00 20,70

Wt of dry soil 3.70 4,40 o 3.70

Wt. of moisture 0,70 [1,A0 N (.80
Watcrcontent us e | 1052 | el | 2102




ATTERBERG LIMITS DETERMINATION

Project _Sckoto Rima River Basin Dev,
Authocity Headouattees

Location of Project SCasO{C)

Job No.

Data Sheet 3

MOc Civil 1988

__ Bonng No. PIT |

Sampie No. 3

Description of Soil ____ *eddish Brown Well geaded Clayey Gravel o
Depth of Sample __ 2.0m ____ Tested By - E. C. () Dale: e
Liguid Limit Determination
Can no. 32 8 42 23 Kl
Wt. of wet soil + can 42,3 49,3 4713 41.3 39,7
Wt. of dry “oil + can 38.1 44,0 415 37.0 35.6
Wt. of can 20,6 2017 20,6 20,9 20,4
Wt. of dry soil 17,5 23.3 202 1.1 15.2
Wt cf moisture 3.2 5.3 5.4 4.2 4,1
Water content, 1% 18,18 22,713 25.41 26,03 26,5
No. of blows, N a() 32 24 19 13
! i ] T Flow index F, = .
ol e e A : i 25.00
[ S _;__ R L ) Liguid hrnit = £2U0
& 50 - -— 11— Plastic limit = 11.65
2 | i"" i i e S i Plasticity index [, = 13,35
5 w.___i..-...-.“}..__ — i
e 4 i e s T
o i
(8] 3[} e S
& _
2 20
| ol ] 4] ]
.q" 15 20 25 30 40 50 GO BO 100
No. of blows. N
Plastie Limat Determinalion
G 00, 33 22 10
Wt. of wet soil + can 26.5 263 26.8
Wt. of dry soil + can 25.8 25.7 26.1
Wt of can 20.6 z20.8 20.9
W1, of dry soil 6.7 4,9 5.2
Wt of moisture 0,7 u.b n.3
Walter contont, nn'% = 11,3 1n.2zn 13,45




ATTERBERG LIMITS DETERMINATION

Data Sheet 3

Project _20koto Rima Basin Authogity  jop No. __IMhSc Clvil 1989 —————
Location of Project _SOKOTO Boring No. _PIT. 2 sampleNo. __1
Description of Soil Reddish Beown Well meaded Clayey Gravel

Depth of Sample s _ Testedpy Fe G Oh Date S
Liguid Liviit Determination

Can no. FC 56 g8 4C Il

Wt. of wet soil + can 41,30 40,50 44,80 36,40 37,40

W, of dry soil 4 can 38,00 3640 | 4000 | 32.60 | 33.80

Wi, of can 20,40 2090 | 2090 | 2070 | 20,70 |

Wt of dry soil o 17.60 |.‘:.'5|‘|m. ) ]”..]._UA-L -‘ “[ 2.l U_‘-- | _'5.--] l-;

Wi of moisture 30 500 | 40 | 360 | 3w0 |

Water content, u % 18.75 20.f 0D 25,13 B 25,75 27.48 .

No. of blows, N Y 51 | 24 | 19 | 1w |

' ] [~ 1T Flow index I,
&0 _-.__’>_- —_— - { =) 50 T |
—t Y : |- . { Liqud himit
. : r
2 50 ———{— I - : : I -1 : Plastic lumit —
= | i . : | - | ) ' e S .
= 40— | :“ I- 1 l | . r Phsticity mdex |,
g | : |11
c ——e— ey — . ==t 4 | P
8 z i I ' ! ' |
o S0 \5\,‘,]\*1 [ [ 171
@ - t Y 1 } } | S YR
_r‘s i S SN, T P — - % :‘\ | 1 1 1 |
ol e it e S R
- |
Al o | i 1 NN 8 (R
Il 10 15 20 25 30 40 50 1O B0 100
No. of blows, N
Plastic $imeit Dedermiingtion
Can no | k< | 33
Wi, of wel suil ¢ can 26,20 26,720 26,40
Wt of dry soil + can 25,70 2500 25.91)
Wt of can 200,60 20,90 20,60
wit. of U-'y soil r). ‘mn fl.\(l[ I Ir.‘-'l
Wt of moisture 050 (3,70 ! n.50
Water content, s == u, 943 1522 l 943

23.00
9.43

13,57




ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project Sokoto Rima Rivee Basin Authogity . sobNo. . MSc Civil 1967
Location of Project __ SUKOTO _BotingMNo. PIT. 2  sampleNo. 2
Description of Soil _ RReddish Peown Well Ceaded Clayey Uigavel

Depthof Sample 10 Tested By P LLOL . pate
Liguid Limit Determination

Can no. 9 10 11 47 3

Wt. of wet soil + can 36.50 47,40 38,50 37.60 39.10

W of dry soil + can | 32.90 atwo | 33.90 33,30 | 34.60

WL of can 20,40 20,60 20,40 20,60 20.60

Wt of dry soil 12.50 20,40 13,50 | 1207 | 1400

Wt ol moisture 3.40 640 4 4,50 5,00

Water content, u % 26.65 3137 3407 35453 40,00

No. of blows, N 4) 22 —l:'f:; - I';' l4

i Flow index F, =
&0 f—-— e e et Gt It -
bt olate Liquid it = 34,0
5: S0 {— e B e B B Plastic limit = 13.33
- P, FT—— | p— o
- —d 1 Plasticity index 1, = 20,67
g 40 SR, ___..:ﬂ__ — i B S BN, Y !
€ e e S} — Nt i Bt
= -
o 30 : 'ﬂ.\bﬁ.ﬁ B O .
o s M S T —— -
™ 1
g 2U o :__._ e il g g P — =
SO TN NS N — - -
10 I N
10 15 20 2% 30 40 S50 60 80 100

No. of blows, N

Plastic Limit IDtermintion

Can no. 34 LG 33
Wt of wet soil + can 26,80 26.30 ‘ 2;’:..5(]
WL of dry soil + can | 2600 25.40 26.20
W1. of can 20,80 . 20.90 20,60
Wt of dry soil 520 | 450 5.60
W1 of moisture 0.80 0.5 0.30
Water content, 1 = . 13.38 i 15,3 o __—_F:_r:;;w




ATTERBENRG LIMITS DETERMINATION Data Sheet 3

Project _Sokoto Rima Rivee Basin AuthogitygobNo. . MSc  CiML 1Y89

Location of Project SORKOTL o . Boring Mo. p_n_"g* . Sample No. 3 I
Description of Soil .. ._nr‘.ddl_t"h,n"mm Well nt'adf-'fj Clayey It;tn.w_".l_., B
Oepth of Sampie 2.0 Testedwy  E. 0. pate
Liguid Limit Detesmination
Can no. 26 _ 19 93 6 70
Wi of wet soil + can 49,00 43.00 37.40 47.40 37.80
wit. of dry soil + can 42.60 28,00 33.80 41,00 33.20
wt. of can 20.90 20.40 20.70 20.60 20,60
wit. of dry soil 21.70 18.60 13.40 20.40 12.70
W1 of moisture 6,40 XTI T 4.50
Water content, u% 25,43 26,08 27.48 3 317 35,43
No. of blows, N 42 32 24 19 14
i ¥ Flow index I, = ... .
60t S T (T R N Z ; o ’
S I T N 39S R 5 S Liquid timit = 30,00
50 : —{- Plastic fimit = 1 2+00
- = o ST Prastieity index |, = |?.QU
g &U ——— ._...._,..__.:_-. EESEESNSY SO SN P O S
c . A s Bt Rt Bl B B o
& 3 \D?"‘T‘A"ﬁ —f—1—|~ -1
;3 —— e — :~ - ”\t‘\h - |
R | S A T el e : -
NSNS JUS NS Tt SS—
lU 1 | p— . S .
T 15 20 25 30 40 S50 60 80 100

No. of blows. ¥

Plostic it 1Determanat womn

Can no. 59 Fé

W1, of wet scil + can 26.00 ?ﬁ.lji'.]‘ o

Wt. of dry soil + can 2530 .. | 2.0 |

W1. of can 20.60 20,40

Wt. of dry soil 570 | 5.0 o
Wt. of maisture j 0.70 H,J;;- T

Water content, 1% = ity i2.21 1773 l




ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project .Sokolo_Rima River Basin Authocdty job No. . M.Sc Cvil 1989
Location of Preject SOKOTC . Boring NOPI.T. 2 . __  Sample No. __‘{‘___.___

Description of Soil __Reddish Beown Well Coded Clayey Geavel
Depth of Sample _30m_____ Tested By . E. Co. 8 Date ___
Liquid Limit Determination

Can no. 10 FC a1l BB ¥ |

Wi of wel soil +can 42,5 46,5 35.1 35.1 33.0
Wt. of dry soil + can 38.2 36.0 3.4 31,4 29.4
Wt. of can 20,5 21.0 204 21,0, 21.0
Wi of dry soil 17.7 15.0 1.0 DA 8.4
Wi of moisture 6.3 4.5 2.7 3.7 3.6
Water content, n% 29.23 30,00 33.64 35,36 42,0
No. of blows, N 4 32 24 18 14
: =T T Flow index [, = _
- J ,._.;_._ [ [ S S A A Liquid it == 3500
& 50 - Sl Mt b i 1 B Plastic hmit = 12.26
3 I -
= ' S i R S 1 Plasticity indox 1. — 20,74
€ 40 _,_\..2.1 __-*..._-:..H e y L
C —— - . I R - -- 1
o o ey ———T "r‘*-q
-, | S S S B | o
@ SR N S \N'--..
) I i ™
$ 0f—rA—] -}
SRR _____]____: o —
10 d——. —— — -
0 1 20 25 30 40 50 60 BO 100

No. of blows. N

Plastie Lasat Phsteroringt o

Can no. 93 (3 11
Wt of wet soil + can 726.5 | 26,3 o 76.0
Wt. of dry soil + can 26.0 ) 254 | 254
WL of can | a0 | g | 210
W1 of dry soil 5.0 ] 47 o b
Wt of moisture 0.5 n.o 0.6
Walter content, s = uy. 1.0 1713 13.64




ATTERBERG LIMITS DETERMINATION

Data Sheet 3

Project Sokoto Rima River Basin Authotity  job No MSc Civil 1989
Cryry ] z
Location of Project KOT Boring No PIT 3 Sample No I
Description of Soil eddish Diown Well Craded Cay caved
Depth of Sample 0.5m Tested By B G Gl Date
Licqquid Limit Determination
Can no. LS 313 l fy l f1/y 9/
V1. of wet soil + can 1.2 39.8 [ 1 1,1 370
Vi. of dry soil + can 57.0 35.4 0.k [ 24 3740
Wt. of can 21.0 21.0 205 | 209 20.8
wt. of dry soil 16.0 L4.4 100 | 133 1.6
Wit. of moistute s & 3.5 ! 9 Gl
Water conten!, % 2>.0 e i i 35, 36.56
No. of blows. N Al 57 24 k 17 12
I 171 ] MNow index I,
: e i ! Ligund hmat 30,0
I | ..
P 1=t~ Plastic limt = 11,95
~ 1 | S | :' 1 e
s I [ | Plasticity index I, = 18.05
c ' - -
g N } |
= + ' + 1
(5] . |
Q . . .I b
@ - f=d
[ { |
= - ..
-
60 BO 100
No. of blows, \
Plastie Lamit v termnation
Can no. 11 f 5
Wt. of wet soil + can 21l 26,7 26.8
Wt. of dry soil + can 26,3 I b | 26.1
Wt. of can 20.4 i 0. (1.6
Wt. of dry soil 5.9 '| '| 6.5
w1. of moisture U7 1 i ’ .7
Water content, n® = 'y, 11.86 | | ! Y




CATTERBENG LIMITS DETERMINATION

Description of Soit __ Reddish Peown Well Ceaded Clayey Cravel

_ Boring No. PLT_3____ __

_ M.Sc Civil 1989

Data Sheet 3

SampleNo. ___ 2

Depth of Sample 1.0m Jested y  T. (L0, Date .
Livpreied Livetit D termiination

Can no. S0 4 B8 2 59

Wt of wet soil + can 4l.10 41.60 43,40 39.50 35.20

Wt. of dry soil + can 37.00 37.00 5}.?[] 3*’5.‘}I"f-1'—_ 31.00

Wi, of can 20.60 20.60 20.50 20,10 20.90

Wi of dry soil 17.40) 16.50 17.20) 141 11.10

Wt of moisture 4,10 &.‘;r 14l b5 4,20

Water content, 1% 23.56 27.27 31.60 31.55 31.84

No. of blows. N 4l B | e 12

Flow index F,

60 .. e
ERE Liquid limit =>1.00_
,: 5 | —————g—— Plastic hmit = 7,25
= _‘ = Plasticity index {, = 23,15
g 40— 5 -
= 1R
o
° 30 p————t—
1]
w
= 20— B
10 U NN (NN (N A J .
10 15 2 25 W 40 50 60 80 W00
No. of blows, N
Plastic Lintit Deticiningtion
Can no. 23 | [ 2
Wi. ol wet soil + can 26.40 2630 I 726.50
WL of dry soil + can 25,70 25.00 25.50
Wt of can 20,60 20,90 20,60
Wt. of dry soil 5.30) 4,30 4,90
Wt. of moisture 040 0.0 Colo
Water content, u% = w, 71.59 6.98 - 2.4




ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project Sckoto Rirma River Basin Authority  gon de.  MSe  Civil 1989

Location of Project ,__S.{}f{_QT.ﬁ___ o Boring nol'1 3 eei . Sample No. . N

Description of Soil Raoidich Reown Woell Cended Clayey Ceoveld _ -

Depth of Sample .. 2.0m ____  _ Tested By E. C..O. .. Date
Ligpidd Limit Datermination
Can no. 80 . 12 on | 93
Wi. of wet soil 4+ can 3640 45.00 360,00 39.7” 39.10
Wt. of dry soil + can 32,80 40100 32.50 35.00 3400
Wt. ol can 20,70 20.90 2040 20,60 20,60
Wi of dry soil 12,10 19.10 L1910 | 4.90 14,00
W1. ol moisture 3.60 5.R0 270 5.20 5.60
Water content, 1% 25.75 30.07 3z [.';‘)_r) | 35.75 40.00
No. of blows, N 42 31 l 74 (g 12
] 1 ] Flow index }', = _ . _
60 } IR A
N, [ — i | I Liquid limit = 32,50 .
] 1 ;
.: 50 | e e B e e B S R B Plastic himit = 17:39
.;: i -'ﬁ\—- '_l!—' D T ! Plasticity index [, = 1.0
c . & S S . .
o i e e e e
fat el o
5 0 "
w | S~
= 20 — ; =t
- i | 1]
10 15 20 25 30 40 50 60 6O 100
No. of blows, N
Plastic Lt Deteninination
Can no. 7[} 4 LG
W1, of wet soil + can | 25.70 2500 | 2560 .
Wt of dry soul # can 25.00 25.10 } 25.10
Wi. of can 20,40 | 20,60 20,70
Wt. of dry soil 4,60 4.50) 4,60
Wt of moisture 0.70 0.70 0.50
Water content, 1% = 15,22 15.56 10.67




ATTERBERG LIMITS DETERMINATION Data Sheet 3

Project 20koto Fima Rivee Basin Authocity g to NS Civit 1709

Location of Project __§Qi<0?’:) s POTIRGING rt 3 . Samplns No b

Description of Soil Reddish Neown Well Ceaded Clayey Cleivael

Depth of Sampte 2.0m _ TestedBy . . L. (. 0L . Date
Liepreicd Limit Dtermination

Can no. A8 LG 73 W 33

Wt. of wet soil + can 35.0 42.8 a0,60 78,1 7400

Wt of dry soil +can | 32,0 35.9 37.00 340 | 30.80

Wt of can 209 20.8 20,00 2.0 20.70

Wi, of dry soil 1.1 18.0 | 1620 13.0) 14,70

W, of moisture 2.00 au | 46 | 4a | s.a20

Water content, n% 13.02 22.42 28.4 31,50 3323

No. of blows, N 427 34 722 | 1 14

Flow index V= _ ___ ..

i
60 ! — i
—'lr— | 8 Liquid limit = 27,00
® 50 I . —— Plastic imit = _17.50
= | o || Plasticity index I, = _. 9.2
;"cf S T -
c -
8
o = =
] —b e il
a
; —— ) — =
-‘__ — —
1 — 5__ 1
10 —— e e o
Rl 15 20 25 30 4D 50 60 8O 100
No. of blows, N
lastic Linvit Ietorngisation
Can no. "2 32 4
W1i. of wet soil + can 26.4 26.0 26.4
Wt of dry soil + can 25.6 25.9 25.5
Wt. of can 21.0 20,8 21.0
Wl. of dry soil 4.6 5.1 4.5
Wt of moisture 0.8 - (1.9 0.9
Water content. 1% = 1733 17.65 21.00




APPENDIX 4

Results of Sleve Analysis and Particle Size Distelbution Cugves.



DEFAPTTEUT OF CIVIL ECCTHERRTHG
ANADY BRLIO URIVERSITY

ZA0] 1\

SIEYE AUALYZIS OF SG11L (YUR/DRY SILVING)
Job Spketa Rima Rives Rasin Dave Avhosity. cvvvveeDpecator, s ha o iQsverovancsnarss

S.itestiItvclsll:"l}g[;‘:ri‘]vrioiorcO -.tco--lc--ol-|vlocc-“f'l‘-eonvlslcnlooool.j 19""‘.

Sample No.....0PlT L., (LOm), . . .eeveeess Jescri ptionReddish, Boawn Well,Graded, , ,
g : Clayey Gravel

Tot:tl W(’ight of 1?!‘,‘{ Sail'plc‘...-. ,ov:-)-[']o“-qrn---..--un-co-o--.--.a-oc--aac---ancacv

B.S.Sieve Weight Veight | Pzr cent | Total ltemarks Max
size lletained retnd. | retained passing Sleve
load

3 in.

24 in,

2 in, L50n

1% in,’ 3500

1 in, 22.40 11.2 86.8 2500

3 in, 2000

1500

L o

1000

=

p

%

3/16 in, 53.00 26,5 62.3 507 .

Paseing 3/16

Riffled sample passzing 3/16
I
& in, 27.00 A 13.5 f1.4] 30N
, | ' B
Ne, 7 28,60 14,3 34.5 _ 200
Na, 1l 7.40 3.7 30.8 100
Ne, 25 5,00 4.5 26,3 75
Na, 36 14,50 7.3 19.0 15

No., 52 6.00 3.0 16,0 50

Ne, 72 10.80 5. 10.6 50

Na, 100 1.20 0.6 10.0 L0

Ne, 200 5.80 2.9 7.1 25
Pasaing 200 0,20 18 7.0




DRTARTIEUT OF CIVIL ENCINERRTHG
AHFADY R¥LI0O URIVERSITY

ZAN)A

SIEVE APALYZIS GF S011 (5R/DRY SIBVING)

Jobsakato, Rima

Rives, Basip

LN

.I;?E.'f\y-tbgtjgyou.v---.l-r)_pel_ail‘ornogtig‘cth-.ll-O.Iahl.bl'li.

Site......4.....$O.<-QT.Q.... T YRR Y ........nﬁhe...-...---.-..-, 19..--00‘

Sample I]O'CGIOE)ET .l.,.gz'.{].n‘)... N Ix-seri 1'Lion.3?qqim-5§qwn -\Yeu |G‘Q¢pv!0
; : Clayey Gravel

Totnl Weight of r.'IJ.*J{ Balr'ple..z.gpg.,..... Il weasenesetssmr et e hoobaarsrtovebrenrnn

B.S.Sieve | Yeight Veight | P2r cont | Total Remarks Max
size lietained retnd. | retained passing Sieve
load
g g % g
3 in,
2% in, b
2 in. B L50n
1% in,’ 3500
4 1n. 9.40 4,70 95.3 2500
2 in, ' 2000
v 1500
3 1000
i Ralll
3/16 in. 40,00 20,00 75,3 50 .
Paseing 3/16

Riffled sample passing 3/16
|

3 in, 15.30 7.7 67.6 300
He, T 57.50 28,8 38,8 200
N~y 1l 26,00 13.0 25,8 100
‘MNe, 25 19.30 9.7 16.1 75
lmy 36 7.00 35 12.6 15
Ho. 52 3.20 1.6 11,0 50
He, 72 6.20 s |19 50
I - N
Hay 100 1.00 0.5 7.4 L
lla, 200 4,50 2.3 5.1 25
Fassing 200 0.2 0.1 >




DEFARTIEUT CF CIVIL EVGINERRT NG
AHPADY 1RELL0 UNIVERSITY

SIEYE AMALYSIS OF Sc11 (“HR/DRY SIBVING)
Job, »P%Q%0, Rima Rivee, Basln, Pevs Authpsity,, ... ...0pecator, fia G o@iveecesennsonarves
S1t0. o TVTIN s s s vissw snwess cosunwsvenvey sowveyes DG axn pevarssrrany 1Jeoneses

Sample NO .P.II .2. . .( I :D.[_j.":). e. #03 w.verleweeae j;‘f‘licri ['{,j orl -R-E:qr'uﬁ"l a[_'i-tlow-”b wq}l c(;r.ap?gl '
. : Clayey Gravel

Total uelght of I.’]J":,’ Ba.li‘ple....zg.qqn.-‘... ...-..-..-o---c-n.n--.u-.--o..noooc-n-lh

B.S.Sieve | Yeight Veight | Per cont | Total Remarks Max
size fietained retnd, | retained passing Sieve
load
g g % g
3 in.
2% in, B
2 in, Lson
1% in,’ 3500
1 in, 21.20 10.6 89.4 2500
in, | 2000
N 1500
3 1000
1 150
3;"—16 in, 89.40 4,7 44,7 50A .
Pasoing 3/16

Riffled sample passing 3/16

& in, 19.00 ! 9.5 35.2 0n
i
He, 7 22.00 11.0 24,2 200
Na, 1l 8.00 4.0 20.2 100
. Me, 25 2.60 1.3 18.9 75
- N~y 36 3.00 1.5 17.4 75
No, 52 3,60 1.8 15.6 50
Ne, 72 6,60 3.3 {123 50
Na, 100 1.00 0.5 11.8 Lo
la. 200 5,80 2.9 8.9 25
Fasaing 200 0.2 0.1 8.8




DETARTEEUT CF CIVIL BIGTHERRIFG
. : Al BRLYO_ ULTVERSITY
I ZAGT A

1 —_—

SIEVE APALYZIS OF 5001 (WER/DRY STVING)

Job .Sokoto Rima River Basin Dev. Autharity

I R N Y .......,.....0})!3[“;-‘_11‘.01’.‘,.?‘}.[;'...'....o.oa...p.-'--

Site.-Sa-.-nootl."cuooootvoo- lOOll.oatalan.lo.rlc.nal;eaachon--contl.l’ 190..00.

Sample ND- . oF:I:ra ? -(n,z:?rcno)-. P R B " PR J}("S{Jr.—i. ptic}n -rzse..d.dtisir_l -EEEP!VP. .C!E'l.y.e ] ‘G-rf.l\:‘\‘_:l‘

Total weight of dry sau-ple......J..Z.U.D.?m.. ..... e
B,5,Sieve ' {%eighl Vieight | Pexr cont Totnl Neioarks _ Max
size Netained retnd. | retained pPassing Sieve
load
g g % g
3 ing
2% in,
2 in. _— [,50n
1% ing 3500
1 in. 36.8 18.4 81.6 2500
Sqn. | 2000
3 | 1500
2 ) 1000
1 750
3/16 in. 56.0 29.0 52.6 507
Pasaing 3/16
Eiffled gsample passing 3/16
- & in, 20.00 ! 10,0 42.6 _ 300
Ne. T 3330 16.7 25.9 200
— 14.50 7.3 16,6 100
. Ne, 25 11,00 5.5 t2.1 15
Hin, 36 12,40 6.2 6.9 (&
No. 52 3.0 1.5 5.4 50
He, 72 4,710 2.4 3.0 50
ta, 100 1.00 05 | 25 ho
Na. 200 . 4,70 2.4 0.1 25
Fasaing 200 0,30 0.1 0.00




DETARTIEET O QIVIL EeCTHERRIEG
AMPADT BRLLO URIVERGTTY

2N A

SIEYR ANALYZIS OF SC11 (WER/DRY SIRVING)

Job, PokQto, Rima Rivec Basin Deyv. Authoglly ... .0pecator.fa !

f
DR R ) s Ta bl svasrss s s prarenn

S.i-tel-sqk{UQIO-uc-ﬁo--o-o..a R ........I)(l':@-....-----.----y 19".".'

Saln}‘.’le 110' ‘PJE.B. - I(J‘Ucrfjl . P8 e seoverasesan !J"':;':: 1'1 LLi on -F.{‘:[Jril'}'J .HUW’I jua!eyi li“i—iWL .

Total wci,’jht of f.ll'"y E‘}all‘ple..?p?gr.p..... R EREEEE I I I R R A R A R I R A RN
B,5,S5ieve " | Veight Veight | Per cent | Total Remarks
size lietained retnd, | retained passing

2 in.
1% in,
1 vin.

q in, 22.0 11.0 89.0
3 27.0 13.5 75.5
2 27.0 13.5 62.0

Paseing 3/16

Riffled sample passing 3/16
|
|
2 |
He, | B4 42.2 |
Na, 1l 4.5 2.3 I
5.2 1.6 2.9

d
; in,

ny
i

.Nae,

ot
N
o
LY
£
]
.
N
o~
-
~d

CHe,

Na, 52 0.] 0.1 6.6

He, 72 5.2 2.6 4.0

Pasaing 200 0.00




DEIARTEENT CP CIVIL ENGINERRIEG
AHPAADY 1RO UNIVERSINY

ZATTA

SIRYE ADALYZIS OF G011 (UR/DRY SILVING)

Jobyeote, Rime, River, Bagin Doy, Aut

PrspreRre

Site, .. ooKTO

LEEEE BER B B

Sample No.PIT.3 . (2.5m),

Total weight of dry sawple..es..

t‘groihﬁ.....-...0}.‘?t‘ﬂt‘-0r...-E:-t.'.‘. E_Jvoolouco.oorsl-"

....-..n...-.--.--.p.nﬂ.t@-.--.oooaou-n-p’ 19.....!‘

vee +.eesuessese lescriptionfigddigh Bepyn, Clavey, Gravel, ,

200gm

« 8 T8 00

A I I R A U A R A N BB R

B,S,.Sieve Height Vleight | Per cent Total Remarks Max
size fletained retnd. | retained passing Sieve
load
g [ 9 g
3 in,
2% in,
2 in. . {el
1% in, 3500
1 in, 2500
1 in. ‘ 2000
3 1500
3 28 14.0 86.0 1000
3 150
3/16 in. 50A .
Pascing 3/16
Eifflod sample passing 3/16
& in, ! 300
Ne, 7 122.9 , 61.5 24.5 200
Na, 1l 4 2,0 22,5 100
. Ne, 25 3.6 1.8 20,7 75
. Ha, 36 6.5 3.3 17.4 75
No, 52 6.7 3.4 14,0 50
Ne, 72 3.9 2.0 12,0 50
Ha, 100 L6 0.8 11,2 Lo
Na. 200 7.0 3.3 1.7 25
Passing 200 | 0.9 0.5 7.2




Location mQA@HO]III . .~ BoringNo PIT | (1.0m) Sample No l Date of Test _
Descripnon _ lr - Regddish Brown Clayey Geavel, —
Jl.rl.u..u uhing velocity in cm  per second k bn.a_._....:n wi2e 1 Mecions (2§ Sieve Numuens] | D R ¥ oy~ i R == [—
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T —

Particle mmwmiﬂwﬂ:vrzo:

Location _-SQOKOTO. — -~ BoringNo PIT 1 (2.0m) Sample No__2 Date of Test )
. = ~ -
Descripton_  __ . Reddish Beown Clayey Gravel o
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== . g . .
Particle Size Distribution
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Particle Size Distribution
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Particle Size Distribution
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APPENDIX 5

Result of Standard Proctoe Compaction Tests.



COMPACTION TEST

Project

Location of Preject

SOKOTO

Descriptionol Soil ______
TestPerformedBy . E, C. 0O,

Date of Test

Data Sheet 10

Sckote Rima River Basin Dev, Authocity  Job Mo, M.Sc Civil 1989

BoringNoPIT_1__ SampieNo. 1
_Reddish Beown Clayey Geavel

Blows/Layer __26/3 No.ofLayers 3 Wt olHammer_24.5 N
Mold dimensions: Diam. 10.3 cm Mt 12 _em Vol __ 1000 cm?
Water Content Determination

Sample no 2 k) 4 5 6

Moisture can no. 17 |55 |40 {39 (34 |38 |49 | 30 |43 |13 | 41 20

Wt. of can + wet soil 39,6 [40.60] 42,4 {498 | 44,1 {468 | 428466 416 | 61.9]61.9] 57.6

Wt. of can + dry soil 38.8 |39.80{41.2 |48.3 | 41.0042.8 | 39.7{43.1 |37.6 | 38.4|54.9 | 51.10
Wt ol water 0.80| 0.80} 1,20 1,50 |3.10| 2,00} 3,10 (3.50 {400 |3.50 | 7.00|6.50
W1, of can 9.40| 9.10{9.2019.20 | 9.00| 9.80({9.20 | 9.2019.50 | 9.30| 9.00|{9.40

W1. of dry soul 29.5(30.70| 22.0 135.0 | 32.0| 33.0|30.7 | 33.9|32.10/29.10 45.9{41.70

Water content, % 2,71 | 2.60(3,75| 3.84| 9.68| 6,06 10.098.84 | 12.4612,02|15.25{ 15.58

Density Determinagtion

Assumed water conten!

Water content. % (Ay)l 2,65 3,79 7.87 9.47 12,24 1541
Wt. of soil + mold 2700 2995 6125 6299 6242 6235
W1, of mold 4048 4048 4048 4048 4048 4048

Wt. of soil in mold. g 1652 1947 2076 72251 2194 2187

Wet density, kN/m* 16.21 19.10 20.37 22.08 21.52 21.45

Dry density y, kN/m? 15.78 18.40 18,88 20017 19.17 18.32

_m\l_GJ*—"-B
& )
E MDp =%012 (IS A
: 20 -“—L.—E T i i i
2 18— : &
§ ! Q\
> § .
! o —
o I
14 ¢
0 4 8 12 | 20
Water content, %
Optimum moisture = _9.8_ __ % Maximum dry density = 20,2 KN/m?t




COMPACTION TEST Data Sheet 10

ProjectSokato Rima Riveg Basin Dev, Authoglty  JobNo. __M,Sc Civil 1989

Location of Project SOKOTO BoringNo. PIT 2 sample No. __L
Description of Soil Reddish Beown Clayey Geavel

TestPerformedBy . E. Co O, DateofTest ____

Blows/Layer 26/3 , No. el Layers 5 WtofHammer 245 N
Mold dimensions: Diam. ___10.3 e ML J2 ___ _em /ol 100 em?

Water Content Determination

Sample no. . 2 a 4 5 B

Moisture can no. 73 (71 |12 |60 | 44 22 | 57 | 6l | 24 | 30 89
Wt. of can + wet soil 354|349 | 34,9|31.9 | 33.6137.10| 37,7 |36.9 |32.4 | 37.1 | 37.6 | 45,9
Wt. of can + dry soil 35.10|34.3 | 34,1 51.2 | 32,1 |35.5 | 34,8 [33.8 |29,1033.60| 33.3 | 40.7

W1, of water 0.3010.60 | 0.8010.70 | 1,50(1.60 [2.90(3.10 | 3.30{3.50 | 4,30 5.20
Wt of can 9.4019.60 | 9.0 |18.9 | 9.30(9.30 [9.1019.60 | 5.5 |9.30| 9.30| 9.50
W1, of dry soil 25,7 124,71} 25.1122.3 | 22.8]26.2 | 25.7 | 24.2 |23.6 | 24.3 124,00|31,20
Water content, % L17] 2,40 3.18|3,13 | 6,57 6,10 |11.28[ 12.8 | 13,98 14.40017,9 | 16.66

Density Determination

Assumed water conlent

Water content, iw% (ay) [ 1,82 3.16 6,34 12.04 1419 17.28
W1. of s0il + mold 5780 5830 6010 6130 6050 6000
Wt. of mold 4048 4048 4048 4048 4048 4048

WL. of soil in mold. g 1732 1782 1962 2082 2002 1952

Wet density, kN/m” 16.99 17.48 19.25 20,42 19.64 19.15

Dry density y, kN/m? 16,69 16.94 18.10 18.22 17.20 16,33

E it H_,_ﬂz* Ay Gs=2740 | | | ]
Z f N
2 S
5 4
A N -
= i i = ~
2 18 g Tﬁ—\i ~— —
© Pd } R _\"55’»:@ (
-
8 16| A o L
| LD, S
14 L 1.

0 4 8 12 16 20

Water content, n %

Optimum moisture = _10.8 . % Maximum dry density = 18,70 kN/m?



COMPACTION TEST Data Sheet 10

Project Sokoto Rima Rivee Basin Dev. Authocity JobNo. MeSc Civil 1989
Location of Project __SOKO1O0 Borning No PIT 3 _ Sample No .
Description of Soil __Reddish. Bewon _Well oacaded . Clayey. Gravel My
Test PetlormedBy ___E. C O, Date of Test e
Blows/Layer _26/3 . —. No.of Layers - Wt of Hammer _2449 _ N
Mold dimensions: Diam. _10.3 ___ cm He 12 em  wvor 1000 em?
Water Content Determination
Sample no LI 2 3 4 5 G
Moisture can no. 21 8 |73 13 |49 |55 [19 11 | 48 {78 |10 | B4
WL ol can+ Wet soll 43,9140, | 43,5 |41.6 |40,5 |40,3 | 45.6 | 44,10138.70{ 42,3 |44.9 | 36,5
Wt. of can + dry soil 43,2139.5 | 41,9 140,001 36,2 | 31,9(42,10140.5 137,7 | 38,21 39,9 | 32.5
WL of water 0.7 0.6} 1,60 | 1.60(2.30 | 2,4013,50 | 3.60 | 4.0 (4,10 5,00| 4,00
WL of can 2.3 9,001 9.5 89 19,10 9,2 |9.30 |9, 00 9.5 18,9 | 9.3 9.2
& .
Wt. of dry soil 33.90 (30,5 | 32.4 31.!(?]2!3.9 28,7132.8 1 31.5| 28,2/ 29,351 30,6 | 23,3
Water content, w% 2,061 1.96 !’;..’:33*.l 5.]-”1} 1,95 | 8.36(10,67|11.,42] 14,1613,99 16,33 17,16
Density Determination
Assumed water content
Water content, 1 % (Ay) 2.01 5,003 8,15 104 14,08 16,74
Wt. of seil + mold 5900 6000 6110 6200 6160 6100
Wt. of mold 4048 4048 1 4048 4048 4048 4048
W1. of soilin mold, g 1852 1952 ; 2062 2152 2112 2052
Wet density, kN/m? 18,17 19.15 . 20,23 21,11 20,72 20,13
Dry density y, kN/m? 17,80 18,23 J 18,7] 19,01 18,16 17,24
M
E LI NesTEY (GspZAr || |
z \;‘
L 20 (O NN N AN S— — 1. N — PR NPT NN N —
e SN
= || |
@ 3 \(QN ~ -
‘_: lb — o R - — - - .\- — ;"--_ ——
o _{Tf bbb hel XStloo |
| o e O B B T L [ _l____
l4’g 4 8 12 16 20

Water conlent, %%

0 .
Optimum moisture = __L0 %  Maximum dry density 192 kN/m?



APPENDIX &

Results of Triaxial tests with Stress/Strain diagrass nud corresponding

aohr circle diagrawms.




TRIAXIAL COMPRESSION TEST ' "Data S

Project _SQL.QTO-RIMA RIVER LEASIN H/Q  JyobNo _MSc Civil 1989. |
cCOownNnT
Location of Project JCI'QE____ — — BoringNoPIT_2__ sample No._h
Description of Soil:_Recdish_Ecown wel} rjraded (layeyQepth of Sample 2.0m
Geavel.
Tested By E.C,O, Date ol Testing
!
Sampie Duta : Aread, = [1.4 cm® Length L, = ___7.5Cm (1 .59N/div)
Machine Data:  Loadrate= Jmin Load ring constant LAC = 0.162K /di
Detarm Comproe- Correct
dial Load Ssive Y Area area Dey
reading dial 0ad L LI_‘:__I'] correction AD sirf
w3 reading I(P,) % factor 1-¢ Icn_) b
1 2 3 4 5 6 7
(@]
0 0.04 4,00 0,00 1.000 11.40
15 20.10 31.96 0.50 0.995 11.46 27
30 25.1U 39,91 1,00 0.99 11,52 J4
&0 32.80 | 5215 | 2.00 0,9t 11,63 | a4
90 45.00 71,95 2.0 0.e7 11.75 | 60,
12 52,20 82,99 | 4.00 0.9¢ 11.€8 | 699
150 60,60 5635 |5.00 |0.95 12.00 | s0.4
1E0 66.00 108,12 ,00 0.94 12:13 89.1
210 72,00 114,48 | 7,00 0,07 12.26 |
240 76.00 120.84 £.00 0.92 12,39 19723
270 84,10 133,72 [9.00 0.21 12.53 1067
300 86,60 137,69 i & %9 0,01 12.67 108
360 94,00 149.46 12.00 +E8 12,95 _t11S
420 102,10 116234 | 14,00 0.E6 13.26 122
40 108.20 17206 16,00 |0.€4 17.57 | 126,
540 124,40 197.80 |1€.00 [0.E2 12.90 |42
600 132.60 211,15  |20.00 |0.£0 14,2 (48
660 142,00 22578  |22.00 |0,7€ 16,62 |154
720 151,00 240,09 24,00 (0,76 115,00 |}
7€0 420 |23564  [76.CO  |O.7h [ 15.41 |)sp
N Insert units in column headings as necessary

“The Deviator slress compulation shown 1s based on lanng the lcading syslem so that the load ning readi
deviator load value o = (Col. 3< LRC)/ v

Compted Data
IOKN/me

Lateral pressure on test specimen "y

Maximum deviator strass {from stress-strn curve)r = _1621<Pa_

Maximum value ol vertical stress Wy Tar bary = 412KPa




TRIAXIAL COMPRESSION TEST Data Sheet *

Project _SOLQTO-DIIA BIVER BASIN H/Q  JobNo. _MSc Civil 1969.
[«¥a}'de
Location of Project SOKC TO ——noooo oo BoringNoPI11_2__. SampleNo. 2.
Description of Soil:_Recdish Beawn Wel) qeaded ClayeyQepthof Sample —_2.m |
Gravel.
Tested By E.C.O, e = . Dateof Testing
Sample Datu ! Aread, = 1_1_13._93}"'% Length{,, = —Z7.5¢cn ( 1. 59N/div)
Machine Duta: Loadrate= __ Jmin  Load ring constant LRC = Q:J% /div.
Delorm (sigri}{}ge— Correct
dial Load - f . 3 Area 1 Deviator
reading dial l.oad 5 t}"‘a Ln correction az\o'. s:tu:,'
[ %_ I teading (I‘, ) '% factor 1.« ICIn_.} kPa
1 2 a 4 5 6 7 3
(o) 0.00 0,00 | 0,00 1.c00 | 11.40 | 0.00
15 10,00 159 |0.50 0.995 | 11.46 13.9
0 15,20 24,17 1.00 0.99 11.52 20.9
818, za.uL __5[}.]5_ '.'L 9(\ - 0,QF g i 1 (-3 32.8
- Q0 32.00 50.88 | 3,00 .07 I TS 43,3
120 40.80 64.87 4,00 0.96 11.E8 54,6
150 46.00 73.14 | 5.00 0.95 12,00 60.9
1€0 52,00 82,68 | 7.00 0.9l 12,13 68.2
210 56.00 89,04 | 7.C0 0,.0% 12.26 72.6
2L0 6060 | 9e3s |E.00  |0.92 12,39 71.8
270 68,80 109,39 {29.00 0.91 12,53 87.3
500 7200 | 11448 110,07 10,01 | 12,67 90.4
360 | 700 | 12084 |12.00 |O.£E 12,95 93,3
420 86,60 | 132,69 14,00 0,86 113,26 103.8
LEQ 92.80 | 14755 |10.00 |0.ek 17,57 108.7
540 9.10 | 15280 |1€.00 [0.€2 13.90 | 1099
600 102.00 | 162.18 _[20.00 |0.£0 14,25 113.8
(660 | o300 | 16377 |22.00 |0.7€ 14,62 112,0
720 102,00 | 162,08 |74.00 10,76 | 15,00 108.1
7€0 ( 26.00 0,74 15,41

Nt Insert units in column headings as necessary
*“The Deviator siress computation shown is based on tanng the loading system so that the load nng reading i

deviator load value. = {Col. 3« LIRC)/\

Comprted Data

M 4a
Lateral pressure on test specimen a, - 207TKP
o
Maximum deviator stress (from stiess-strain curve)r =  LHAKPT
a3
321KP°

Maximum value ol vertical stress TRRSE TR I




TRIAXIAL COMPRESSION TEST Data Sht

Project _SOKOTO=RIMA_RIVER DACIN H/Q___ JobNo _M3c Civil 1989,
Location of Project ﬂq_ i BoringNo.PIT 2. Sample No. 3.
Description of Soil: Recdish Brown Well graue'd (layeyQepth of Sample ___Z.0m
Gravel.
Tested By E:Ci0s Date of Testing
Sample Data: Aread, = 1_.1_4-_"4__'_..9_”.-% Length L, = 7.5¢cm ( 1 .59N/div)'
Machine Data:  Loadrale= . Jmin Loadring constant LAC = _0_' 1621{5 /div
reading il LLoad Strain | corecuon AD stred
(%} reading (I‘I) % factor 1-e (cm_-) kP
1 2 3 4 5 6 7 8
0" 0,00 0,00 0.00 1.000 11.40 0
15 goo | 1272 |0.50 |0.995 | 11.46 11
Z0 12.20 19.40 | 1.00 0.99 11,52 16
60 13.40 21.31 200 0,08 11.63 18
90 20,10 31.96 | 3,00 0.07 11.75 27
120 24,30 38,64 4,00 0.96 11.E8 32
150 2880 | 4579 |5.00 |0.95 12,00 b1: |
1€0 36,60 58,19 | .00 0.94 12.3% 48
210 4000 | __63.6 7.00 0,02 12.26 51
240 42.00 66,78 _f?..OO Q.22 12.39 5A
270 6670 | 7425 [9.00 |0.91 10,53 5
300 48,20 16.64 10.0° 0.0 12.67 60
60 | seen | oppo [17.00 |o.e”R | 12.05 6
420 62,20 98,90 | 14,00 [0,E6 13.26 7
L£0 68.10 | 10828 |1P.00 |0O.Eh 17,57 j
240 7400 | 11782 [16.00 [0.€7 | 13.90
600 80,00 | 127.20 |20.00 |0.E0Q 14,25
660 80,00__| 127,20 |22.00 |0.7€ 14,62 8
720 __78.80 | 12529 |~4,00 [0,7€ 15.00 8
7€0 26..00 |0,7h 15,41

Nt Insert units in column headings as necessary
“The Dewialor slress computabion shown 1s based on lanng the loading system so that the load ring readin

deviator load value o = (Col. 3« LRCH/ V'

Computed Data

a
Lateral pressure on lest specimen e = [024KP_
- a
Maximum deviator stress (from stress-steain curve)or = _900KEZ
Maximum value ol vertical stress Wy = ok = 3t o



TRIAXIAL COMPRESSION TEST Data Sheet

Project_SQEQTO=DIIA RIVER 1ASIN H/Q __ JobNo._MSc Civil 1969.
Location of Project SUKOTO . BoringNo.PIT 2. sampleNo. 1.
Description of Soil:_Reccish-Beown Wel] graced ClayeyQepth of Sample —_2.0m
Geavel.
Tested By E.C.0, . Dateof Testing
Sumple Data: Area A, = lLuI_ﬂE LengthL, = ___7.5¢m { 1. 59N/le)
Machine Data: Loadralte= _____ _____  /min Loadnngconstanl LRC = _C_) 162Kg - /div.
Detorm Comore- Correct
dial Load Ss1ve ol < Area arca Deviator
reading il 0 10‘ e l"r‘?“ in correction .\'2 streas®
{=_ reading I(I‘. ) % tactor 1.« tCn_1 KPa
1 2 3 4 5 6 7 8
(9]
e 0,00 0,00 | 0,00 1.0C0 | 11.40 0,00
15 22.30 3,98 | 0.50 0.995 | 11,46 30.5
>0 25.40 4039 | 1.00 0.99 11,52 35.]
90 45,00 1 71,55 2.00 0,07 1175 609
120 59 80 g3.95 | %.00 0.96 11,€8 70,7
150 60,80 | 9667 |5-00 |0.95 12.00 | 806
1€0 66.00 | 10494 |F.00 Q.04 12,13 86.5
210 70.00 111.3 200 0,0% 12.26 90,8
240 74,00 | 117.66 | £.00 0.92 12,39 95.0
270 76,80 | 122,11 |9.00 0.91 12,53 97.5
300 75,10 125.77 10,07 0.91 12.67 99.3
360 9020 | 14342 [17.00 |0.€8 12.95 | 1108
420 103,40 | 1664 | 14,00 |0,.86 13,26 | 124.0
LEO 115,20 | 18320 |10.00 [0,Eh 17,57 | 135.0
540 136.50 217.04 1£.00 0,82 12.90 156.1
6C0 150,00 | 23855 [20.00 |o.e0 |14,25 | 1674
660 16020 | 25472 122,00 0,72 | 14,62 174,2
720 15600+ 26486 |24.00 0,76 15,00 163.2
7€0 142.00 | 23373 [70.CO [0,74 15,01 1517

Nete Insert units in celumn headings as necessary
“The Deviator stress compulation shown is based on tanng the loading system so that the load ning reading is 1

deviator load value o = {Col. 3x LRC)/ V'

Computed Duta
Lateral prossure on test specimen ay = 310KPa .
Maximum deviator stress (rom stress-straun cutve) o = 175KPa. __ .

Maximum value of vertical stiess iy b= GB5KPa




TRIAXIAL COMPRESSION TEST

Project _SQE.OTO-DTIA

Description of Soit:_Recdish Brown Wel} tj:adr:fd ClayeyQepth of Sample

RIVER

SOKOTO
Locationof Project __— "~ "~

Gravel.

Tested By

Sample Duta:

R L PO

Arean, = 11,4 _cm

]
.

pASIN_B/Q

LengthL,= ___7.5¢cm

JobNo, _MSc Civil 1989.

Boring NoPIT_2__

Date of Testing

3.0m

Sample No. _2

Data Sheet 194

(1.59N/div)
Jmin  Load ring constant LRC = _O . 162K /div.

Muchine Duta: Loadrale = ___
Delarm CO!;ID.’“C’- Correclt,
diat Load Dol V(? Strain Area area Deviator
reading dial [L.oad correction AD stress®
(< ) reading (M) % factor 1-¢ iem<) xPa
i 2 3 T s 6 7 8
o 0.00 0.00 | c.00 1.000 | 1140 0.00
15 20.20 3202 | 0.50 0.995 | 11,46 28.0
0 22.80 36.25 | 1.00 0,99 11.52 31.5
&0 26.50 42,14 | 2400 0.9f 11.63 36.2
90 30,20 48.02 | %.00 0.07 11.75 40,9
120 36.80 56,51 4,00 0,96 11.88 49.3
150 42.30 67.26 5.00 0+99 12.00 56,1}
1€0 46,80 7441 | ©.00 0.94 12,13 61,3
210 50,00 79.50 | 7.00 0,93 12.26 64,8
24L0 53,10 | 8443 |E.00 0.92 12,59 68.1
270 56,50 | 89.84 |9.00 |0.91 12,53 71.7
300 | smoo |_92.22 |10,00 lo.o1 |12.67 | 728
1360 | ess0 | 10240 [12.00 |O.eB | 12,05 79.1
470 67.80_! 1078 [14.00 10.86 | 13,26 81,3
LEQ 15.40 | 119,89 [10.CO [0.e4 17«57 88.3
540 G500 | Y255 |1F.00 .0.82 | 13.90 | 972
S 600 | 9300 | 147.87 |20.00 |0.80 | 14,25 | 103.8
1660 | o250 | 16298 |22.00 10,78 | 14,62 | 111,5
1720 1 102,00 | 16218 174,00 10,76 115,00 108.1
7EQ 98.00 [ 155.82 [20.CO |O,.7h 15,41 | 101,

Node Insert unils in column headings as necessay
“The Devialor slress compulation shown 1s based on tanng the loading system so that the lead ning reading is t

dewviatar lpad value

Compnited Datu

o= {Col. 3x LRCI/ V'

Laterad prossure on test specimen

Maximum deviator stress (from stross

Maximum value of vertical stress

oy

slraimn curye) o =

I'!'I

& 4 ary -

207<Pa

_12kPa

319<Pa_



TRIAXIAL COMPRESSION TEST Data Shee

Project_SQKOTQ=0TIIA RIVER EASIN H/Q__ JobNo. MSc Civil 1969.
Location of Project SCKCTO ——e—oooo. BoringNo.PIT. 2 SampleNo. 3 __
Description of Soil:_gec'diish_ﬂmwn well Gracn'd ClayeyQepthof Sample 2.0m
Tested By E -‘é’:%_: i =0 Date of Testing
Sample Data:  Aread, = 114_cn® Length L, = . 7.5¢Cm (1.59N/div)
Muchine Datu: Loadrale=__. . . _ ./min Loadring constant LRC = _Q:.léz_l(g /div.
Detorm Copproe~ Correct.
dial Load Ss51ive P ; Area area Deviato
reading dial Load - tz_‘a LN cormection AD sitess?
¢ ) reading (i‘}) % factor 1-¢ iIcm_} kPa
1 2 3 4 5 6 7 8
0" 0,00 000 [c.00 | 1.000 | 11.40 | 00
15 13,50 21.47 | 0.50 0.995 | 11,46 18.7
-0 13,50 2147 | 1.00 | 0.99 11,52 | 18.6
&0 15.60_ | 25.12_| 700 0,9¢ 1263 | ope
90 20.80 33.07 | 3.00 007 11:.75 28,2
120 24,40 3880 |4.00 | 0,96 11.68 | 327
150 28,80 45,79 | 2.00 0.95 12.00 38,2
10 34,80 5533 | .00 | 0.9 12.13 | 456
210 36,60 58,19 |7.00 0.0% 12,26 41,5
240 38,10 6058 |£.00 |0.92 [ 12,39 | 489
270 42,10 6694 |2.00 0.91 12,53 53.4
300 46.60 74,09 _110,0° 0,91 | 12.67 58,5
360 52.60) g3.95 |12,00 0.8 17,905 64,8
420 56,80 903 |14.00 |0.€6 13,26 | 681
LEO 62.80 99.9 |16.00 [0,EL 1,57 | 73.6
540 6820 | o4 (1€.0C |O.&82 13,90 78.0
€CC 72,50 1153 |20.00 |0.e0 14, 25 80.9
660 76,20 121,16 122,00 |0,7¢€ 14,62 82,9
720 BO.S0__| 122,99 74,00 _|0,76 15,00 85,3
780 78.20 11798 |20.00 |0.7h 15,061 76.6

Note Insert units in column headings as necessary
“The Deviator stress compulabion shown is based on tlanng the loading system so that the load ring reading 1s

deviator load value = (Col. 3x LRC)/ v’

Computed Dita
Lateral pressure on test specimen o M03KPa
Maximum deviator stress (from stress-straincurve)o = B6lKPa

Max mum value of vertical stress iy =ar by 189KPa_



TRIAXIAL COMPRESSION TEST Data Sheet 19

Project _SQUQTO-DTIIA RIVER LAZIN H/Q _ JobNo._MSc Civil 1989,
Location of Project SCKOI(_) ——e — BoringNoPIT_3__ SampleNo. 1l ____
Description of Soil:_Recdish-Beown Wel Grac:r:ti (layeyQepthof Sample ____2.0m
Gravel.
Tested By R % 117 | TSRO, - Testing
Sample Data:  Aread, = 114 _cm® Lengthl, = —__7.5Cm (1 59N/div)
Muachine Datu: Loadrate=__ ___ . . ./min Loadringconstant LRC = 0. 1621{5 /div.
Detorm. gg?}'\?ge- Correct.
dial Load - o . Aren area Deviator
readin dhal Al 2 tr‘;‘. wn carrection A ress*
[ = f‘ . . ) teading [(I?E 3‘0 % I'.-u;lofll-a (Cf;‘.gl “hP:
1 2 3 4 3 6 7 8
Q
0 n.00 0.00 .00 1.000 1140 0.0
15 97.00 | 154.23 | 0.50 0.295 | 11,46 | 134.6
z0 190.00 302.10 1.00 0.Q0 11,52 | 262.2
90 37250 | 59228 {3,000  |p.o7 11,75 | s04;1
12 380,50 | 604.99 | %4.00 0.96 11.88 | 509.2
120 3a3.00 | eomo7 | 9.00 | 0.95 [ 12.00 | sp7.5
180 387.20 | 615.65 | .00 0.94 12,13 | 50725
210 3pe.00 | alpsL | 7.00 0,03 12.26 | spas
270 392.00 | &23.28 [ 2.00 0.91 12.53 | 4974
500 9400 62646 | 10,0 0.91 12,67 | 4944
360 _ 39640 | 630,28 |1°.00 |0.F8 | 12,05 | 486,70
h2o 402,60 64043 14,00 0.5 | 13,26 | 4827
4€0 406,10 | e4v,70 (16.00 [0.EL 17,57 | 475.8
540 409,70 | 651,42 |1€.0C 10.€2 | 13.90 | 468.6
_|6co s3.20 | garoe [20.00 |eo.ec | 14,25 | 4499
1660 | soipo | e3rse[22.00 |0.7¢ | 14,62 436.1°
720 B ~h,00 10,76 115,00 |
7€0 26,00 0.7 1%,01

Nt Insert units incolumn headings as necessary
*The Deviator siress compulabon shown 5 based on lanng the loading system so that the load ring reading s lh‘

deviator lond value . = {Col 3« LRCy/\

Computed Duta

Lateral pressure on test specimen iy J10<Pa
. [ -
Maximum deviator stress (from stress-strain curve) o = 2)0KPa____ .
B20I1<Pa |

Maximum vialue of verlical stress T T




TRIAXIAL COMPRESSION TEST Data Sheet 1

Project _SOKQTO-DTMA BRIVER TasIM E/Q  JobNo. MSc Civil 1989._

Location of Project SOKCTO BoringNoPIT_3__ sampleNo. -2
Description ofSoil:_élet'disb_Ercwn Well graded Clayey:Qepth of Sample 2,0m
Tested By E .fé’:% .- Date of Testing
Sample Data:  Aread, = 1] ‘{‘__Qﬂl% Lengthl,= ___7.9Cm (1. 59N/div)
Muachine Dute:  Loadrate=____________  ./min Load ring constant LRC = _9_:_1_‘@55 /div.
o 1w |#ST9E% ww |t s
reacing dal lL.oad St;‘ain correction AD stress?
{ = ) teading (1‘:) % lactor 1-¢ cm_-) kPa
1 2 3 4 5 6 7 8
0" 0,00 0.00 |0.,00 |1.000 | 11.40 0.0
15 90,00 143,] 0.50 0.995 | 11.46 124,9
0 160,00 2544 | 1.00 0.99 11,52 | 220.8
e 228,00 362.52 | 2.00 0,9¢& 11.63 3117
90 242.00 384,78 .00 007 11.75 327.5
120 246.30 39162 | 4.00 0.96 11.E8 329.6
150 253 .00 402.27 5.00 0.95 12.00 3}§L
1€0 260.20 41372 |£.00 0.94 12,13 | 3411
210 262,80 417,85 17.00 0,093 12.26 340.8
240 24,20 | 42008 |E.00 [0.92 | 12,39 | 3390
270 265.80 | 42262 |2.00 |0.91 12,53 | 3373
300 266,00 426,12 110,0" 10,01 12,67 336.3
360 269.80 | 42898 [12.00 (o0.€8 12,95 | 3312
420 272.80 43375 |14.00 [0.86 13,26 | 327.1
LEO 275.80 | 43852 |16.00 |0.84 17,57 | 323.2
- 540 276.80 440,11 |1E.00 0,82 13.90 316.6
600 280,20 | 44552 |20.00 |0.€0 14,25 | 3126
660 | 272750 | 441,23 |22.00 10.7¢ 14,62 3018
720 273.00 434,07 124,00 10,76 15,00 289.4
7€0 26,00 0,74 15,41

Note: Insert unils in column headings as necessary.
“The Devialor stress computation shown 1s based on tanng the loading system so that the load nng reading is t

dewiator load value o = (Col. 3% LRC)/\"

Computed Data
o 207<Pa__ ____

342KPa

Lateral pressure on test specunen iy =

Maximum deviator stress (lrom siress-strain curve) o =

Maximum value of vertical stress o =uabuy= ___9h9KPa



TRIAXIAL COMPRESSION TEST Data Sheel 1

Project _SQKOTO-DIMA RTIVFR BASIN H/Q  JobNo, _MSc Civil 1969.
SCKCTO BoringNo.pl_I_.}.__ SampleNo.3 :

Location of Project

Description of Soil:_Recdish Brown Wei) graoe'd ClayeyQepth of Sample 2.0m

Cravel.
Tested By E.C.O, Date of Testing
Sample Data:  AreaA, = IL-&_GT_-’JE LengthL, = ___7.9¢m (1.59N/div)-
Muachine Data:  Loadrate= __________  ./min Loadring constant LRC = ,O_ .'.1..6.2. {\.’ € /div.
T | e |50 = | 5
reading dial oad Stl" ain co:::la-on .:\"5 l::l'::o"
(x___ ) reading PT) % factor 1-¢ {Cm_} kPa
1 e 3 4 5 6 T 8
o° 0,00 0.00 {c,00 |1.c00 | 11.60 | 0.0
15 120,00 | 1%0.8 |0.50 0.995 | 11.46 166.5
20 145,00 | 230,55 |1.00 0.99 11,52 | 200,
60 151,50 | 240.89 | 2.00 | 0.9¢€ 11.63 | 207.
S0 155,00 246,45 | .00 n. 07 1175 209.7
120 160.00 254 .4 4,00 0.96 11.E8 214.1
150 16380 | 26044 |5-00 10.95 12.00 | 217.0
180 16640 | 26458 |€.0C 0.94 12,13 | 2180
210 168,00 | 267,02 7,00 0,9% 12,26 211.9
250 169.80 | 2¢v98 |E.00 10,92 12,39 | 2179
270 172.00 | 2135 [9.00  10.91 12.5 2183
300 17400 | 27666 110,00 0.91 12.67 218.3
360 176,80 | 281,11 1200 0.E8 12.285 217,07
420 179.80 | 285.88 14,00 0.6 13.26 2156
LEO 183,00 | 29097 |16.00 |0.€4 12.57 | 2144
540 185.20 | 294.20 [1€.00 |0.€2 13,90 | 211.8
600 187.80 | 298.60 |20.00 0,0 14,2 209.5
660 192,50 | 306.08 {22.00 |0,.78 14,62 209.3
720 196,00 | 31164 (26,00 10,76 15.00 207.8
1 %60 193,50 | 307,67 [2€.00 [0.74 | 15.41 | 1997

Note: Insert units in column headings as necessary
“The Deviator stress compulalion shown 15 based on lanng the loading system so thal the load ring reading is

deviator load value. e = (Col. 3%« LRC)/.\

Comprted Data
103KPa

4 bl o T

Lateral pressure on test specimen i,

Maximum dewviator stress {(Irom slress-straim curve) o =

.
Maximum value ol verlical stress w2y = k= J22KP3a



TRIAXIAL COMPRESSION TEST

r

Project

Location of Project

SCKOTO

'ER_DASIN H/Q  JobNo.

Description of Sail:_Recdish_B¢

Gravel.

Tesled By

E.C.O,

Data Sheel *

MSc Civil 19869.

Boring No.PIT 3. SampleNo, 1

own Well grade'd- ClayeyQepth of Sample

Date of Testing

2 )
Sample Data: Aread, = 11.4 cm™ Length L, = _.Zn_s_cm

3.0m

(1.59N/div)
e Jmin Loadring constant LRC = 0,162K /div.

Machine Data; Loadrale =
-l B - - o N B B
coto | o | ged |SEEIR| e | g | v
1 2 3 4 5 6 7 8
0” 0.00 Q0o 0,00 1,000 | 11.%0 0,00
13 10,00 159 | 0.50 |0.995 | 11.46 13.9
>0 21,00 3339 | 1.00 0.99 11.52 28.9
60 46.50 7394 | 2.00 0,9¢ 11.63 63.6
90 £8,00 108,12 | 3.00 0.07 11,75 92.0
120 76,00 | 117.66 |%4.00 0.96 11,88 99,0
150 a0.80 | 12847 |5.00 |0.95 | 12.00 | 107.1
1€0 Bs.00 | 13356 |€.00 0.94 12,13 | 110.1
210 ge00 | 13674 |7.00 0,93 12.26 1115
240 9400 | 14946 1€.00 |0,92 12,39 | 120.6
270 9600 | 15264 |9.00 0.91 12.53 | 121.8
200 12200 | 19298 (10.,0° 10,01 12.67 153.1
360 | 132,00 | 20988 [12.00 |O.€8 12,95 162.1
420 13600 | 21624 |14.00 [0.E6 13,26 163.1
LED 156,00 248,04 |16.00 |0.E4 1%2.57 182.8
540 168,00 | 26712 |1€.00 [0.82 [13.90 | 192.2
600 1z8.00 |_283.02 170.00 [0,E0 14,25 | 1986 |
660 186,00 | 295,74 |22.00 |0,7€ 14,62 | 2023
720 198.00 | 31482 124,00 |C,76 15.00 2099
7€0 196.80 | 31166 |26.00 |0.74 15,41 202.2

Neve Insert units in column headings as necessary

“The Dewviator siress computation shown s based on tanng the loading system so that the load ring reading is b
o = {Col. 3% LRC)/\’

deviator load value

Camputed Data

Lateral pressure on lest specimen ay=__dl0KPa ____ ___
. L

Maximum deviator stress (from stress-strain curve) o == __.?..I.QL*BE!

Maximum value of vertical stress 0y Tl BTy T e 5?.0"\?3.._. o




TRIAXIAL COMPRESSION TEST

Project S0

Location of Project

Description of Soil:_Recdish Brown Wel geaced ClayeyQepthof Sample
Gravel.
E.C,0,

Tested By

OKOTO

YER _EAasIM _H/Q

Sample Data:

Job No.

" Data Sheet

Date of Testing

2
Aread, = 114 cm” LengthL,= __ 7.5cm

3.0m

MSc Civil 1969.

Boring NoPIT 3 Sample No. 2.

(1.59N/div)

Jmin Load ring constant LRC = 0. 162Kg 4y,

Muchine Data: Loadrate=
P | s | SSTRES wi | L e
reading dial Load Str_'aj.n correction AD stress?
(£ %__ ) reading (1\5) % 1ac1or 1-¢ icm<) Pa
1 2 3 4 5 6 7 8
g Q.00 000 [ 0,00 Q00 11.40 0.00
5 12.00 1908 | 0.50 0,995 11.46 16,7
=0 14,00 2226 |.1.00 0.99 11.52 19.3
60 20,80 3307 | 2.00 0.Q¢t 11.63 28B.4
S0 26,00 41,34 13,00 0,07 11 . 7% 35,2
120 34 80 5533 | 4.00 0.96 11.E8 AR
150 42,80 6805 |5.00 [0.95 [12.00 | o967
160 54,00 B5.86 | .00 0.4 12.13 70.78,
210 58,10 92.38 |7.00 0,03 12.26 75,35
240 64,00 | 101,76 |E.00 10.92 | 12.39 82.1
270 68,50 108,92 |2.00 0.91 2,53 86.9
300 74,80 11893 110,0" |0,01 12.67 93.9
360 B4.00 13356 112,00 |0O.€8 12.95 1031
420 9400 14946 [14.00 | 0.E6 13.26 112.7
4E0 104,00 16536 |16.00 |0.84 1257 121.9
540 12600 | 20034 |1€.00 [0.82 |13.90 | 144
600 146.00 232.14 120.00 .80 14,25 162,9
660 160,00 254,4  122.00 |0,7¢E 14,62 174,00
720 167,00 26553 124,00 10,76  115.00 172.0 |
7€0 167,00 265.53 |26.00 0,74 15,41 172.3

Nore: Insert yauls in column headings as oncessary
"The Deviator stress compulation shownas based on lanng the loading sysiem so thal the load ring reading is

deviator load value. « = (Col. 3x LRC)/V

Computed Duata

Lateral prassure on test specimen A __207<Pa
Maximum doviater stress (from stress-stram curve) o = 1 70<Pa
_377<Pa_

i g =

Maximum value of vertical stress y =




TRIAXIAL COMPRESSION TEST Data Sheet

Project _SOKOTQ-RTMA RTVER EASIN H/Q___ JobNo._MSc Civil 1969.
Location of Project SOKCOTO Boring No.BlT. 3. SampleNo. 3 __
Description of Soil:_GRec'dIisb_Bcnwn Wel} granel:i Clayey:Qepth of Sampte ___3.0m
Tested By E .réf%‘. Date of Testing
Saumple Data:  Aread, = U_u_flz. LengthL,= ___7.5cm (1.59N/div)
Machine Duata: Loadrate= __ - Jmin Load ring constant LRC = _O i 1. 6_821{ /div.
De‘:‘.:lm Load LS:g ?Eg =" . Area Cc:;f::l- Deviator
reading dial Load S tI_“:.‘:.Lr] correction AD siress’
(x__ ) reading (N) % lacior 1-¢ 1icm<) Pa
1 2 3 4 5 6 7 8
o” 0,00 0.00 | Q.00 1.0C0 11.40 0.0
15 10.00 15,50 |0.50 0.995 | 11,46 139
50 12,80 20,35 | 1.00 0.99 11,52 172
6C 1800 | 2862 |2.00 | 0.9 11.63 26,6
90 34,00 54,06 | 3.00 0_07 11.75 46,0
120 54,00 gs.e6 | 4.00 [0.96 | 11.ee 72,3
150 58.00 9223 15.00 |0.95 12,00 76.9
1€0 65,50 104,15 | .00 0.94 12,13 85.9
210 68.00 10812 |7.00 0.93 12.26 88,2
240 7200 | 1l4s8 |E.00  |0.92 | 12.39 92,4
270 76.00 12084 |9.00 0.9 12.53 964
300 78,00 124,02 110,0" 10,91 12.67 97.9
360 89,00 | 14151 |12.00 fo0.e8 | 12,05 | 1093
420 95,00 | 15105 |14.00 [0.€6 13,26 | 1139
€O 103.80 | 16504 |16.00 |0.84 17,57 | 1216
540 10850 | 1725 |1€.00 [0.8&2 13,90 | 124.]
6C0 111.00 176,49 120,00 |0.€0 14,25 123.9
660 1,00 | 17649 |22.00 |o.78 14,62 | 1207
720 11100 | 17649 [24.00 10,76 15.00 1177
7€0 26.00 0.7ThL 15,41

Note Insert umis in column headings as necessary
“The Dewiator stress computahien shown 1s based on tanng the loading system so thal the lgad ring reading is ¢

deviator lpad value = (Col. 3% LRC)/ v

Computed Data

Lateral pressure on test specimen ay=  103KPa
Maximum devialor stress (from stress-strain curve) o = __ __[ ?.S'_Ff:pf'_ _____
228KPa,

Maximum value of vertical stress Fy = ariling,



TRIAXIAL COMPRESSION TEST Data Sheet 19

Project _SQEOTOQ-RTIA RIVER EASIN E/Q JobNo, _MSc Civil 1963.
Localion of Project SOKOTO Boring No.RIT. . Sample No. i S
Description of Soil:_Recdish-Brown Wel graded ClayeyQepthot Sample 2.0m
Tested By EGrCaV%l Date of Tesling
Sample Data: Area A, = 1Lé__0*f Lengthl, = — T.5¢cH ( 1 .59N/d1V)
Machine Duta:  Loadrate= . _  ./min Loadring constant LRC = 2:_"_55_2_155 /div.
| e | S9TRETT ™
reading dial I(O ad otrain | ouection A'D stress?
( x ) reading N) % factor 1-¢ icm-) KPa
1 2 3 5 5 7 8
e’ 0.00 000 |o,00  [1.000 | 11.40 0.0
15 15.00 23.85 | 0.5C 0.995 | 11.46 20.8
0 15,80 25102 11.00 0.99 11,52 21.8
e0 16.80 26.71 2.00 0.9¢& 11.63 22,9 .
a0 20.10 31.96 %z .00 Q.07 11.79 212
120 25.00 39,75 | 4.00 0.96 11.88 33.5
120 320 | 5104 |5.00 |0.95 | 12,00 | 425
10 38.50 61,22 {£.00 0.94 12,13 50,5
210 42,00 | 6678 |7.00 0.93 12.26 54.5
2L0 48.10 76.48 | €.00 0.92 12,39 61.7
270 56,10 8920 |9.00 0.91 12,53 71.2
300 58.50 930l (10,0 10,91 12.67 134
360 68.50 | 108.92 |12,00 |0.e8 12,95 84,1
420 76,60 | 125.3 14,00 {0.86 13,26 94,5
LEO 95.00 | 150,  [16.00 |0.84 17.57 ! 1106
540 103.20 163.77 |1€.00 0.82 1%.90 117.8
6C0 115.60_ | 183.80 120.00 |0.e0 14,25 | 1289
660 125,00 | 19845 |22.00 |0,7€ 14,62 | 1359
720 118.20 | 187.94 (24,00 0,76 15.00 125.3
7€0 116.00 | 18444 126.00 |0.74 15,41 119,7
Note Insert umils in column headings as necessary

*The Devialor siress compulalion shown 1s based on lanng the loading sysiem so thal the load ring reading is the

devialor load value. ' = [Col. 3« LBCY/.V’

Computed Data

Lateral pressure on lest spacimen ay= o 20<Pa
Maximum deviator stress (from stress-straincurve) r = ___136KPa_
b, =, b4 Pa

Maximum value of vertical stress ir,



TRIAXIAL COMPRESSION TEST Data Sheel 1

Project _SQKQTO-DRIIA RIVER BASIN E/Q MSc Civil 19€9.

Job No.

Location of Project SCKOTO BoringNo. PIT 3_ SampleNo. 2.
Description of Soil: Recdish Brown Wel} graces ClayeyQepthof Sample __2.0m
Tested By chré!:!%l-. — Date of Testing
Sample Data:  AreaA, = l.l_.é__cm_2 LengthL, = 7.5¢cm (1.59N/div)
Machine Data: Loadrate= _ __ _____  ./min Loadring constant LRC = i‘l% Idiv.
0!;::"‘-’ Lead ggi“g T Area C‘::L?t' Deviator
reading diant oad S tI_"ai correction AD stress?
( = ) reading [‘I') 9 factor 1.« cm_) kP
1 2 3 4 5 6 7 8
c” 0.00 oo 1C.00 1.0C0 | 11.40 0.0
15 12.30 19.56 | 0.50 0.995 | 11.46 17.1
20 14,50 2306 | 1.00 0.99 11,52 | 200
60 1820 | 2854 |2.00 | 0.9¢ 11.63 24.9
g0 25,00 39,25 3,00 0.97 11,75 33.8
120 728.10 | 4468 |%.00 0.96 11,68 37.6
150 3220 | 5120 |5.00 |0.95 12.00 42.7
1€0 3820 6074 | C.CO 0.94 12,15 50,1
210 4050 | e64n | 7.00 0.93 12.26 52.5
240 450 | 6258 |€.00 ]0.92 | 12.39 54,5
270 4650 7394 19.00 0.9 12,53 210
2C0 50,60 p0.77__ 10,0 0,91 1267 63,7
560 55,60 gesn | 12.00 0.8 12,05 68,3
420 5960 | 94.76 14,00 0.86 13.26 71.5
4E0 66,80 | 10303 |16.00 |o0.84 |17,.57 75.9
240 71240 | 11512 [1€.00 |0.82 | 12.90 82.8
600 26.80 122,11 |20.C0 0,80 14,25 85.1
660 8040 | 12786 (22.00 [0.78 | 14,62 B7.4
720 go.on | 1272 124,00 10,76 15,00 4.8
7€0 7820 | 12434 |26.00 |0.74 15.41 £0.7

Nore Insert units in column headings as necessary
“The Devialor sliess computabion shown s based on tanng the loading system so that the load ring reading is )

deviator load value. « = (Col. 3« LRC)/. V'

Computed Data

Lateral pressure on test specimen iy = 200Pa._______
Maximum dovialor stress {from stress-straincurve) = B0<Pa
Maximum value of vertical stress 7 Skl T R e 29NPs. .




TRIAXIAL COMPRESSION TEST Data Sheet 1€

Project .SOKQTO-RTIA PTVER TaSIN H/Q ___ JobNo _MSc Civil 1969.
Location of Project SOKOTO Boring No. R[T 3. SampleNo. 3
Description orsmlz_éiec'diish.amwn Wgl) graced ClayeyQepthof Sample —2.0m
Tested By E.‘g‘:%-. Date of Testing
Sample Duta:  Aread, = IL_&__qrg_z_ Lengthl, = ___7.5¢cm (1.59N/div)
Machine Data:  Load rate = —w Jmin Loadring constant LRC = 2'_1.% /div.
Delorm. Compre Carrect.
dial Load Ssive B i & Area area Deviator
feading dial ](Q ad - tl_“a ~T 1 correction A'D stress?
{=___ ) reading I‘,) % factor 1-¢ {cm_) kPa
1 2 3 4 5 6 7 8
0 0.00 0.00 |c,00 [1.c00 | 11.40 0.00
15 10,20 16.22 0.50 0.995 11.46 14,2
20 10.80 17.17 | 1.00 0.99 14:52 14,9
eC 12.80 20.35 | 2.00 0.9 11.63 17.5
90 1420 | 2258 |3.00 lo.ez | 11.75 | 192
120 16,50 26.24 | 4.00 0.96 11.88 | 22.]
1 2020 | 322 |5.00 [0.95 | 12.00 | 268
1€0 24,30 38.64 i,00 0.94 1215 318
210 26,80 42,61 | 7.00 0,093 12.26 34.8
240 28.00 | 4452 |£.00 0.92 12,39 35,9
270 3020 | 4802 |9.09 0.91 12.53 38,3
| 3C0 33 Al 5311 (10,0 10,91 12.67 WAR:)
360 38,10 6058 (12,00 |0,.F8 12.95 46.8
L20 42.50 67.58 [14,00 |0,86 13,26 51.0
LEQ 46,10 73.70 16,00 0.84 15,97 54.0
540 50.80 80.77 |1€.00 |0,.&2 13.90 58,1
600 56,00 89.04 |20.00 |0,€0 14,25 62.5
660 £2.00 9858 |22.00 0,78 14,62 614
720 20,00 | 1113 24,00 |0,76 15,00 142
7€0 67.50 | 10653 |26.C0 [0.74 15,41 69,1

Note: Insert units in column headings as necessary,
“The Devialor stress computation shown 1s based on tanng 1he loading system so that the load nng reading is the

deviator load value. « = (Col. 3x LRC}V’

Comprted Duata

03.4KP
Lateral pressure on lest specimen 1y = I* e

Maximum deviator stress {from stress-strain curve) o = __12KPa

Maximum value of vertical siress oy mata,= _|18KPa . ____



TRIAXIAL COMPRESSION TEST

Project_SOKOTO-DRTI7A

RIVER LasIm H/Q

Job No.

Data Sheet 19

MSc Civil 1989.

“The Doviator stress compulation shown 1s based on fanng the loading system 5o that the load nng reading is th

deviator lpad value o = (Col 3% LRC)/ V'

Computed Daia

Lateral pressure on lest specrimen

Maximum deviator siress (lrom slress-strain curve) o =

Maximu

ym value of vertigal stress

7y

l'.fl = ar "(rl

=__ JI0<Pa_____

100KPa

410<Pa _

cWOT
Location of Project SOKOTO BoringNo. PIT 3. SampleNo. 1
Description of Soil:_Recdish.Brown Wel} pracpd (ClayeyRepth of Sample __3.0m
CGeavel,
Tested By - E.C,0, Date of Testing __W_= 18%
SIHth’ Data: Area A, = l_t_bzll__(.:_'t_:"_z_ Lenglh f.,, = 7_._5CII] ( 1 = 59N/diV)
Machine Duta:  Loadrate= ____________  /min Load ring constant LRC = —O .1 62!{5 /div.
Deform COI,'DF Correct
dial Load S551Vve i Atea area Deviator
reading dial L.oad tI"\.'.I". correction AD siress?
{ %____ ) reading (I ) % tactor 1-« icm_) xPa
1 2 3 4 5 6 7 8
o]
C 0,00 0,00 | 0,00 1.000 | 11.40 0.00
15 20,00 31.8 Q.50 0.995 1.46 27.8
>0 21,00 3339 | 1.00 0.99 11,52 29.0
o0 24,80 36,43 | 2.00 0.9€ 11.63 33.9
g0 28.00 44,52 13,00 N.97 11,79 319
120 3200 | so.88 |4.00 | 0.96 11.€8 42,8
150 35,00 6042 | 2.CO 0.95 12,00 50,4
1€0 47 00 (6,78 {-,00 0.94 12,13 55.1
210 46,00 73,06 | 7,09 0,03 12.26 59,7
240 sp.00 | 795 |€.00 |0.92 12,39 64,2
270 52.00 f2.68 19.00 0.91 12.53 66.0
300 54.00 BS.86 110,07 10,91 12.67
EUO 62.00 98_59 _j f‘"‘ 0.98 1 ﬂ-?5
420 66,00 04.94 | 14,0 N.86 13.26
LEQ 72.00 | 11448 [16. .00 |0. ek 12557
5&0 76.00 __1_2_3.84 a._' . OO O . 8:’ 1 3 . 90
600 82,00 | 13038 [20.00 |0.€0 14,25
660 90.00 |_laz.lu (22.00 0,78 14,62
| 720 94600 | 14946 124,00 10,76 15.00
LTE9 9600 | 15264 [26.C0 JO.74 | 15.41
Nofre: Insert units in column headings as nocessary




TRIAXIAL COMPRESSION TEST Data Sheet 19

Project _SQYQTO-RTMA RIVER EASIN 1/0___ JobNo. _MSc Civil 1969.
SOKOT
Location of Project SOKOTO . BoringNo. BIT3__ SampleNo. 2
Description of Soil:_Recdish Beown Well qeacec ClayeyQepth of Sample 3.0m
Gravel. -
Tested By E.C.0. —— Date of Tesling
Sample Date : Aread, = 114 ¢ C-m-—z- LengthL, = —la 50 ( 1 59N/le)
Muachine Data: Loadrate=_____ . /min Loadring constant LRC = 0.162K /div.
Detorm Comnre- Carrect
dial Lond Ss8S1ive & i 4 Area area Deviator
reading dial Loac otraln correction AD siress?
=< ) reading (i‘) % facior 1-¢ icm_) kPa
1 2 3 T4 5 6 7 8
o}
o 0.00 pon 1C,.00 1.000 1140 0,00
15 1500 | 2385 10.50 |0.995 | 11.46 | 201
;O 15.50 2% 65 1.00 0.99 11,52 21.40
20 [R.00 28 67 2 . 00 0 # 9E & .63 24,8
90 22.00 34,98 [3.00 0.7 11.75 29.8
120 24,00 319,16 | 4.00 0.96 11.B8 32.1
150 2620 | 4166 |5.00 [0.95 | 12.00 | 34.7
1€0 2010 4186 | £.00 0.94 12:13 39.5
210 32.00 50,00 | 7.00 0,.9% 12.26 41.5
240 24 00 c4 DA €.00 0.92 12439 43.6
270 3820 | €074 19.00  10.91 12,53 48.5
BQO 42.80 6805 110,00 10,91 1267 53,7
3(‘0 _ae20 | 7346 'j_.? ” Om___ 'O .28 12, 05 56,7
LH’O 52.1.[1__ R2.84 11‘.00 O.&() 1?‘. ﬂﬁ 62.5
‘!*f.'C' 56.20 89.36 16.00 0.8!4 1 :‘.57 6£5.9
540 60.20 9572 |1€.C0 (0.€&2 13.90 68,9
€Co 64,30 | 102,24 |20.00 [0.€0 14,25 71.7
660 69.10 |_109.87_|22.00 |0.78 14,62 75.2
720 72.00 | 1144 176,00 10,76 15.00 76.3
7€0 7160 113864 (26.00 0,74 15 .41 73.9

Naote: Insert units inn column headings as necessary
“The Dewviator slress compulation shown 1s based on 1anng the loading system so that Ihe load ring reading is the

devialor loag value « = (Col. 3% LRC)/. V'

Compnited Duti

200<Pa

% i
Maximum deviator stress (Irom stress-strain curve) o = 77<Pa__
= _ 2B4KPa_

Lateral pressure on test specimen try = |

Maximum value of vertical stress iry T ar bary




TRIAXIAL COMPRESSION TEST Data Sheet 1€

Project _SQUOTO-NIIA RIVER f1n 1/Q___ jobNo._MSc Civil 1989,

- —— b

SOV
Location of Project SCKCTO oo poringNo.PIT 3 sampleNo.3_.
Description of Soil: Recdish Brawn Well neaced ClayeyDepth of Sample 3.0m
Qravel. i
TestedBy_.______l_'a.-CoOu-_.__ s OO TOSHNG
|
Sample Duta: Aread, = 114 cns Length l., = T.5¢cm ( 1 59N/dl\f)
Machine Data: Loadrate == _ ~. . Jmin Load nng constant LRC = 9'3.6.?55 /div.
Deform Coqnro- Correct.
dial Load Ssve P Areg area Deviator
reading dint Loncd LLralin correction AD siress®
% ) reading (?: ) ?{ factor 1-¢ Icm->) kPa
1 2 3 4 5 6 7 B8
0" 0,00 000 | 0,00 | 1.000 | 11.40 0,00
15 10,00 15,50 | 0.50 0.995 | 11.46 13.9
- -
e 11.00 17,49 | 1.00 0.99 11.52 15,2
c0 12.80 20,25 | 2.00 0,9¢ 11.63 17.5
Q0 14,80 23.53 |2%.0n n_ 07 11,75 20,0
120 16.00 25.46 | 4,00 0.96 11,88 21.4
150 1680 | 2671 |5.00 0.95 12.00 22.3
180 19.40 | 3085 (.00 0. 94 2. 15 254
210 20,20 32,12 7.00 0.93% 1°.26 26,5
240 2200 | 3498 |E.00 |D,92 12,39 | 282
270 2300 | 3657 |9.00 0.91 12,5 29.2
300 2400 | _38.16___|10,00 0,91 12.67 30.1
360 2620 | 4166 |12.00 |0.88 10,08 32,2
420 30,50 4850 14,00 10,86 % 26 36,6
LEO 36.00 s7.26 |16,00 |0.84 12,57 42.2
540 42.60 67.73 |15.00 |0.82 1% .90 4B.7
600 4600 | 7304 [20.00  |0.E0 14,25 51.3
650 50,80 {_@0,77__[22,00 |0.7¢& 14,62 55,2
720 54,00 ' 85,86 24,00 10,76 15.00 56,2
7€0 50.00 7950 [26.00 {0.7h 15,41 51.6 .

Note: Insert unils in column headings as necessary
“The Deviator stress computation shown is based on tanng the loading system so that the load ring reading is thi

deviator load value. « = {Col. 3x LRC)/ V'

Computed Datu

D
Lateral pressure on test specimen g = 10%<Pa o
Maximum deviator stress (Irom stress-strain curve) o = SBKPE’ —
1611<Pa

Maximum value ol vertical stress Wy " barg = o
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APPLENDLY 7

Consolidation Test Result on samples a1h varions Molsture contents.
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CONSOLIDATION TEST
Project Sokata Rima River Basin H/Quacters

Data Sheet 14

Job No. _ M.Sc.Civil 1989

Location _ S KOTO . o . BoringNo.PIT 3 sampleNo. 1
Description of Soil Reddish Brown Clayey Cravel  pepth of Sample —_2.5m
Tested By W e 1 Date of Testing 5-11/6/€9
Consolidometer type ____Fixed. Ring . Ringno, _CNCY
Multiplication ratic of load device _25.4 % JD‘J mm/div
2

Ring dimensions: Diam. 7.0CM  Area. A 38,5cm py, _2.0cm
initial . of soil. 11, faden '\.!'nff{r content determination
Specific gravity of soil. G, = 2,74

Wt of can +welsoll = 43,0g
Wt. of ring + specimen
Wt. of ring - 21.0g Wt of can = Z.0q
Wt of wet soil., \t, = Wi of water - 3.0
Computed dry weight Wt. of dry soil =__ Jldg _____
of soil. W” =

Initial water content i, = 9.67%
Ovendrywt otsoil’w, =___ 16319
Computed Hi. of solis 11, = —_(2(38.5) - 0,142 x 385 + 26,4 ) [/ 385 = Ll2cm
Initial Bt of voids. £, = i, = [}, = 2.0 .- 1.12 = 0.68cm
Initial degree of saturation, 8, = (W, =Waldl .\ =
Initial void ratio e, = MM, = . 0.88/1J2 = 0.9

Finul Test Duta (obtained at end of ioad testing)

Finad water content determination

Initial dial reading ._222,0

Final dial reading 539,00

-
Change in sample ht. 56x25.4x10°" = 1.42mm
2B.4
Final ht. of voids. 11, 38 ,_5ﬁ:_QJéC_T_
0.74
Final void ratio, ¢; = H,_..—'n.'j.'f?___ = 066

Finalwet wt. + ring” .___284.5Q

Finaldrywt.+ring .. 256,10Q

Ovendrywt ofsoll.W, _ 16510g °
284 . 100 17.2%

Final watsr contont, i, 162,

Finnldegreeof sat. 8§ . %o

“Obtained from Cinal Water-Contont ¢atn
*Use either (1, or firal waler-content data for § — 1007,

‘Be sure loinclude any sotl extruded from ring which s ¢ consahidometoer



CONSOLIDATION TEST (TImo-compresslon dolo)

Piojocl Sokoto Rima River Basin H/QuartfifS....

| OCIIh.Mf.l llj(Mi]  SOKOTO

DcscilpiJonolSoli Readlsh Brown .Clayey Gravel

T.v.lcrinv E.C.O.
|'ualin;[  Test !),ita

a2 Q9KPa KI'n

Onin npplirtd  5th June, 1

Ja
Dorlny No.PJT._3.. Sample No.
Depth of Sample  2.5m

Dalo of Terming 5th June,198(

Lond '*AZB kPa

Daloap plied _6th June, 1988



COUROUIDATION TEST (Titmo—-compression data)

l"\tl'”\t

Location ol Peogoaed

SOKOTO

Sokoto Rima Rivet Aasin H/0Q

Deccniption ol Sonl Redrtish E"-EO'A'I“ r}.'!y’-"‘j CLD‘JEI

E. C. Q.

Pavaddivier Yost Plate

toad 11,56

Dale applied 7th

ki

June, 1988

Load

DoringNo.PIT_3 ..

Depth ot Sampte

Data

Sample No.

2.5m

Date of Testing 7th June, 1988

Date applied BIN June, 1200

Apphnd by E. G O, Applied by _E. GO
TGy P, 25%10-3 mm/ Gock Dial readings x
e § Lapmed e div  time £ inpand
i | S ' 2t L, T
TRy l o { 1 Addjanty (1‘(! #aln min Originat
10:25AM T 10:530AM
7/6/68 VY | 588,00 0.18mm  g/6/68 0.00 580.9 |
1y, % 582.00 0.33 V.45 574,50 0
.00 1 582 00 0.33 1,00 | 574.00 0
ot | se200 | 0.33 2.5 | 57400 | O
'[ .00 282,00 0.3 houby | $73.80 0
|
| b | 561,80 0,34 6.25 | 57350 | O
l . 581.60 '} 0.34 9.00 57310 0
- - (_ — - ——— -
. e sgi g | 0,35 12,25 | 573.00 0.,
E Hh, U0 581,30 0.35 .00 573.00 0.
L - - .
| s {5820 0.35 2u.2% | 57280 | 0.
| #3-90 1 sgj.20 0,35 25.00 | 57250 | 0.
R R .
| 30.00 ) gy pp 0.36 36.00 | 5720 | 0.
] 19001 ey o 0.36 4g.0u | s7230 | o,
e e
| - 1 san00 0.36 W0 572,20 0.
i 1,001 sgg.90 .36 81.00 | 572.10 Q.
i K .rh} :SU.”:' e ] ’l"‘ 0T ]{'U_”{} S?Q.UD 04




COHMZOLIDATION TEST (Tiinme-compiession data)

Maoject Sokoto Rima River Basin H/Q

Favir alneang sl Frrospect

Deaeription of Suil Reddish Brown Clayey_@:ava:l_

Lessitond Ly

Laviredinegs Fost

Lovind

€. L Q.

1ata

46,24

SOKOTO

ki

'['r.m- apnhied 9th JUﬂE, 19866

Apprlusbby

Lale

“T0:20AW
_9/6/88 .

DoringHo PIT 3 .

Load . 92.48

Job No.

Depth of Sample

Date of Testing

Data €

M.Sc_Clvil 1989

Sample No. .

2.5m

kPa

Date applied _L0th_June, 1988

E G Q. Applied by __E. C. O
F L __:“m e 25"’?‘10“'::;: ‘{ﬁ::f: : Elapsnd s
B i | Sl e B e | o |
[0:00AN
UMYt 572,00 | 0.58mm  10/6/88 D.UD | 555,20
. 558,00 | 0.9 u.25 | 540.00
1.00 | 557,50 0.95 1,00 | 539.20
b 155700 | 096 2.2 | 539.20
M0 556,00 0.99 B.0U | 539.10 !
G 55580 | 1.00 6.5 | 539.00 |
8.1 "J ) _555'5”__ 1.00 9.00 539.00 |
I2.2% | 55550 1.00 12,25 | 539.00 |
Ila,l.ltl' | 55540 ( 101 .00 | 539.00 |
:'_ ) 2% 55530 1.01 0.2 539.00 !
7900} 555,30 1.01 25,00 | 539.00 |
A0, 1) 555.20 1.01 306. 00 539.00 |
71_::::: 55520 | 101 ug gy | 539.00 |
_. r.‘-'-l.!-‘fl 555.20_* | 1.0! oh.ooy | 39.00 |
8L} ssean 1 B1.00 | 53900 | |
e 1 sss.20 }.0)mm 00.00 | 539.00

nthlivemiodvs 0 0F e, ole



-

n

Job No. Ve

[Yoring Mol :I
'

Depth of Sample

Date of Ter ling

|
!
|
B
|
|

Data Sheel

Sample No. 1

- Khra

a3 DE A
Dial readings x 25 i x
Original Adusted




COMSOLIDATION TEST (Computation shect for e and o) ' - ' - Data S.h.eet 16
Project Sakcio Rima Rivee Basin Dev. Authority Job.No_ MSe_ Civi} 1989

Location of Project SQKQTA BoringNPIT_J _ Sample No, L
Description of Soil _Raddish Brown Clayey Geavel Depth of Sample 2.2

Tested By =R SR ON Data of Testing

Sample Data

Initial sample vo!. V; = ??cm3 Dry wt. of soil solids, W, = ___ 169,10
Specilic gravity of soil, ¢, = 2.74 HL. of solids, H, -~ LlZcm
initiof b, of voids, [, = 0.68 initial void ratio, o, = 0:79
Cel. dra} Change in 1nst, Average’ Tima~
reacing at sample ¢ = A&k, w10 bt for far 6=y Coait. of
Load ond of loao,? ne, AN or ratio foad. i tonsol consdl, o,
Ingr. ! ) 'mcﬁ e = 3, I icmn { } Ty, MO i M
0 595,0 0 0 0.79
2.89kPa { 591.30 | 0.09 0.008 0.782 1.996
5.78 588.0 0.18 0.0la 8,774 {.987
11.58 580.9 0.28 0.024 0,156 [.972
23.12 572.0 0.58 0.052 0,738 1,952
T 46,24 555.2 1.01 0.09 0.70 §.921
92.48 537.0 .42 0.33 0.66 1.879
184.96 5390 1.62 0.13 0.66 1,058

Noter Ingert units in column headings as necessary.

“Final dial reading of preceding lond = Initial dial reading af tollowing load.

*Uze either suain 0 void eation camputittion {or bothl,

"Average M, {or loagd ingremend = HL 3t baginning of load~1 Al

71 = length of longest drainage path: for floating ring consalidation = § averace k. for the given lead increment.
'From the diat reading vs log ¢ curves



CONSOLIDATION TEST

Project Sokoto Rima River Basin Dev, H/Qtes  jobNo.

Location _EiOKOLQ

Data Sheet 14

M. Sc Clvil 1989

PIT 3

Boring No. Sample No.

Description of Soif _Reddish Beown Clayey Cravel

Depth of Sample2'5m

Consolidometer type I 1%ed Ring Ring no. CN 2
=3
Multiplication ratio of load device 12.7 x 10 7 mm/div
2
Ring dimensions: Diam L.0CM____ Area A __36.2cm He__2:0cm
Initial ht. of soil. /1, — Zfem Water content determingtion
Specific gravity of soil, (7, = _2.74
Wt of can+ wetsoil = __2%.8Q
Wt. of ring + specimen
at begiﬂﬂing of test = Wi of can+ dry sot! == 27.2&
W1 of ring =__114.80g Wt of can -__ 829
Wit. O' welt 30!1. "l', = wt_ of water = 9‘511
Computed dry weight W1. of dry soi! = 19.0g
of soil, W =
Initial water content w, = ___ll.&ﬁ___
Oven dry wt. of soil*w, = __198.29
Computed Ht. of soligs” 1, = (2 (38.5) - (0,153 x 38,5 + 28.7) ) /385 = l.10cm
initial He. of voids. I, = 11, — I, = 20 - 110 = 0.9cm
Initial degree of saturation. 8, = W, = WM, A) =
0.9
Initial void ratio ¢, = },)11, = . = 0.82
Final Test Data [eblained at end of lead testing) Final water content determination
initizl dial reading 799.5
Final wet wt. + ring’ ____278.009
Final dial reading 6791
= 3 Final dry wt. + nng 269.3g
Change in sample ht. 120x12,7x10"~ = 1.53mm
28.1 Oven dry wt. of seil, W, __154.5g
Final ht. of voids, )] SR _= 0.75 28,7 _ l8.6%
0.75 = 0.58 Finalwater contant, wy __T'J_Q_.TK._________' 2
Final void ratio. ¢, = if,,/f, 1.l :
Final degree of sat. S %

“Obtained from Final Water-Content data.
*Use either G, or linal water-content data lor 5 — 100%.

‘Be sure 10 include any soil exlruded from ring which is in consohdometer




COUSOLIDATION 11ST (@]

ime-compressic

Project Sokoto Rima River Basin H/Q

M)

l:-".l.‘l--n:![l'r-:l' Wl ol

OT0

1 datn)

Description of Soil. Reddlsh Brown Claysy Gravel

Lol “',.'
=
Looneael jrupe

1oni f‘-'-’fu‘

2.89

Loyl

E. C O

ki'a

Date appling 5th JUﬁE‘, 1988

Lond..

Date applied 6!_h_‘]':"n_e' 1988

Job No.

Data €

M.Sc__ Civil 1989

Boring o PIT 3 _ Sample No,_2

Depth of Sample 2.5m

Date of Testing

____‘592.8_.-. N -

Applica by Eo G O, Applied by _ E. G G
“_'._._.,',_w‘_j- o __'_____’_ . 2.“»..;"_13.55IU,_T::W."A‘::_’: | Eiapsog | O'olreadings x
___L._._i o okt '[ “""'""*’{f'nmfﬁv s gy Original e
S ’m_i_t_j_ 7995 0.00 0.0V 792,10 g
B N ) Y 005 |_mom| o
R 792.5 0.09 oo | 79000
__I____ﬁ__;___'h:_‘ __79_2'..5.»- o 3 2.7 | 790,00
f = 703 | 009 hooo | 790.00
NS I - .__3'?_2_-?"; 0,09 6.2 790.00
o l”_'__'__ 792.2 0.09 9.00 790.00
’ 1922 | 009 12,95 790.00
————f | e
- f'_}_ __]’92:2_)__ 0.09 .00 769,00
S J[ e ) _'f_'i?-?_‘ 0.09 20.25 789.00
o _,'__'*”-‘-”U 792.1 [r 0.09 25 .40 788.00
NS ;‘_H_”___ 192 ;_1“41“_)_ 36.0v 788.00
| 9.0 7921 | 0.09 49.00 | 788,00
o __f _*j_‘i 792.1 0.09 T 6l . U 788.00
- : |i|. h |'I 192.) | 009 81.00 788.00
o ;J 1. 1) ! 192.1 } 0.C9 - 100, 00 788.00
— L~ | Tal] 009
e b ong 0.0 mmdiv, ere




CONS0LINATION TEST (Mime-compres=aing

Piojeat
Location ol oject
M Suil
E. L. O
Laovaddings Test Data
Load 11.56
Date apphied

Apphed by E. G Q.

Sckoto Rima River Basin H/Q

SOKOTO

Wita

7th Jure, 1986

ana)

Reddish Brown Clayey Geavel

Load _ .__.2_34 L?_."___H____.

Dale applie Hth June, 1988

Applied by

Chdl_1969

Job No. _M.5c.

Boria1glJ(P1.T_§.__ Sample No. 2

Lepth o! Sample 2.5m

Date of Testing

kPa

E. G O

¥

3

\ ﬁ_*‘lﬂ (;f' Diaksodiage
i} e ALY Original
| 0.00 788.00 0.15 0.00 785.80
___*m“_-_l[ __“--.":.} 786.5 0.17 0.5 775.00
! o0 1ees0 | o477} hOU G 77300
- | 186,20 0.17 - 373 772,80
4,00 786,20 0.17 .0y 772,60
N L M)/ 1 I % v A | 6.25 | 772,60
s | 200 Y 9e600 | 047 9,00 772.60
Bl -2 O X 12,25 772.50 0.
_________‘_l__"_'_i’__ 785.80 [ 0.17 16 .00 772.20 | 0.3
| <UD 765.80 ’ 0.17 20. 2% 772,20 0.3
N o 0 | o 25.00 | 77200 | 03
- _i_ﬁ"'”” 765,80 0.17 36.00 | 77220 | 0.3
{ ol -8 R L Jh9.p | 77200 | 0.3
| "-B0 1 785.80 0.17 M. OU 77200 | 0.3
| 610 r 785.80 o '1_‘._ ] - 81w 772,00 0,39
. 1 f 785.80 | 0.7 10U, LY 772.00 0.3
L DY mmm :




COMSOLIDATION TEST (Time-compres=ion tdatn) Data$s

Project Sokoto Rima River Basin H/Q Job No. __M.Sc_Clvil 1989

Foeabion ol Projerct SCKOTO _ BoringNo.Pl1 2 .. Sample No
Descrintion ot Soil  Reddish Brown Clayey Geavel Depth of Sample 2.5
Pessidesd Py E.. C. Ok Date of Testing

Poaneling: Vest atu

Lol 46,24 ki Load 92,48 kPa
L2avter aapprhingd 9th JUI”'IE, 1988 Date applied _I_I'J_th JLI-I"IE_, 1588
J\ppin!uhy Eq C.‘ O. Apmied b‘f E. Co 0
Cluck "Dalreadingsx Clock Dial readings x
IR Flapsed time Elapand
e Tortuns and time,
wliita T Cleanpannil Adyunted dnipe min Qrigingl MJ
0,00 | 7720 0.35 o.00 | 717.20 I
0425 718.50 1.03 V.75 | 689.00 !
1.00 718.00 1.03 1,O0u | 688.60 l
- A 717.30 1.04 2.75 | 688,00 1
.00 717.30 1.04 b, ou 687,80 l
= i ; “ 5|
G.&YH 717.30 1.04 6.5 687.60 l]
§.00 717.20 1.04 9.00 | 687.40 b
12,45 717.20 1.05 12.25 | 6B7.40 l
| 1b.00 717.20 1.05 .00 | 6B87.40 !
M Soee Y. ‘
.25 70220 | 105 20.25 | 687.40 .
25,00 717.20 1.05 25.00 | 687.40 I
36.00 717.20 1,05 36.u0 | 687.40 !
19.00 717.20 1,05 49,0y | 687.40 l
N o | -
| W20 | 105 bH.00 | egra0 |
B z20 | 105 Jr-0u ) estan |
S ! 101, 00 ?I?.Eﬂ_}_ 1.05 10,00 687.40 l
"Tpraset st pager sarhy

Hensions 001 /e, iic



CONGOLIDATION TEST (Tine—comnr-escion tala) Data S

Project .Sokoto Rima Riveg Basin H/Q____ JobNe. M.Sc Clvil 1989

Location of Project . SOKQTO | BoringNo.PIT 3 _ Sample No. .2

Description of Soil _Reddish Bcown Clayey Geavel Depth of Sample _2.9M

TestedBy ..o o o _ oo DateolTesting -

Loading Test Data

Load __.18.5‘-95_._-_--___,__kPa Load kPa
p-'lic A e Dale applied
Appticd by B Applied by
Clock | Ol Tethiigs X Clock ; { Dial readings x
titne S Lt tme Elapsed
gna e Orinal |  Adjusiod — 53 Original | Ad|
0.00 687.40 | 1.42 0.00
0.25 680.50 | 1.5: V.75
1,00 680.40 | 1.51 h.0u
2.29 660,30 1.5] 2.7
4,00 680.20 1.51 h,00
L.25 680.20 1.5] 6.25 |-
| 9.00 660.00 1,52 9.00
12.25 679.40 | 1.52 12.25
16.00 679.30 1.52 < 16,00
20.25 679.20 1.53 20.25
25.00 679.20 1.53 25.00
36.00 679.20 1,53 36.00
49.00 679.20 1,53 49.00
- 04.00 679.20 1.53 64 .00
81.00 | €79.10 | 1.53 81.00
. !HJD_U‘.J 679.10 | 1.53 10U. 00

¢ subdivieione 0.01 mmadiv, elc.
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CCMSOLIDATION TEST (Computationsheetfcre ande, ) Dala Sheet 16

Project Sokoto Rima River Basin H/Q___  Jobwno. _MSc__ Civil 1989
Location of Project __SOKOTO ___ BoringNoPIT_3__ sampleNo. _2
Description of Soil _Reddish Brown Clayey Gravel Depth of Sample __2.9M

Date of Testing __2th June, 1988

Tested By E. GG

Sample Data

Initial sample vol. V, =_ _?_?cm.3 . Drywt. of soil solids, W, = _114.8a
Specific gravityol soil. G, = 2.4 HLofselids, I, =__ _JJOcm
Initial ht. of voids, 1, =____09 Initial void ratio, ¢, =__. 082
Del. dial Change in ns! Average” Time®
reading at sample e = A, void nl. lor for 50% Coaoff. of
Load end of lpad.” hi., Al or rabe load, ] R consol consol. vy,
Incr { ) (mrh o - M, P { ) { ) Py ITVINY { Y min
0 739.5 0.62 0.00
2.89KPd 792.1 D.09 C.c08 pB8li2! 1.996
5.78 768.0 0.15 0.Cl4 0.806 | 1.988

11.56 785,80 0.17 9.015 0.805 | 1.984

23.12 772.00 0.35 0.032 0.783 | 1.974

46.24 717.729 1.05 0.095 0.725 | 1.930

92.48 €87.40 1.42 0.129 0.691 | 1.877

18496 1679.10 | 1.53 | 0.139 0.681 | 1.853

Naote: Ingert units in column headings as necessary

“Final dial reading of preceding load = Initial dial reading of following load

*Use either sirain or void ration computation (or both)

“Avarage ht, for lond increment = Hi. 2t beoinning of load =1 Af)

“l1 = length of longest drainage path. for floating ring consolidntion - § averane Mt for the given load increment.
‘From the dial reading vs log t curves
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CONSOLIDATION TEST

Data Sheet 14
M.Sc Civill 1969

Project —Sokoto Rima Rivec Basin H/Qtrs Job No.

: , . PIT 2 3
Location __SQLATO 8oring No! Sample No.
Descripticn of Soil _Reddish Bcown Clayey Gravel  papin ot Sample 2.5m
Tested By E. C O, Date of Testing 22nd August, 1988

) 2
Consolidometer type Fixed Ring Ring no. CN

-2
Multiplication ratio of ioad device 12,7 x IC mm/div
2
Ring dimensions: Diam. _Z.0cm ___ Area, A . 28.5cm H _20cm
Initial ht. of soil. {7, 2,0cm I Water content determination
Specilic gravityofsoil, G, = 276
Wi ofcan+wetsoil = 44,90
W1. of ring + specimen
atbeginningoftest = Wi otcan+drysoil = ___40/3a
Wi. of ring =500 W1, of can - 9.0q
Wi, of wet soil, Y, = W1, of water = 4,60
Computed dry weight W1 of dry soil - 31.3q
of soil, W’ =
0.2 Initial water content w, = 15,89%
Ovendrywt.ofsoil"W, = 150,29
Computed Ht. of solids* 11, = (2 (38.5) = (0,16 x 38,5 + 31.2) ) / 38,5 = 1.03cm
Initial HY. of voics. I, = 1, = If, = 2.0 - 1.03 =_0.97cm
Initial degree of saturation. §, = (W, - \i‘.:.-'rnb.-\-.t =
1.03 . U?‘;"

Initial vaid ratia ¢, = #7111, =

il |

inal Test Data (oBtained at end of load teshnig)
Final Test Datu (oD d atend of loay ! g

initial dial reading 221.0
Final dial reading 91,4
-3
1.2
Finai ht. of voids. 1, 252 = 0,81
Final void ratio, ¢, = I1,, 1, 103

*Obtained lrom Final Water-Cantent data
*Use either (0, or final wntar-contert dma tor § = 100%™

Fined veater content determinution

Final wet wi. + ring” 282,49
Final dry wt. + ring 251.20
Oven dry wt. of soil, W', 160.29

31.2

Finalwater content w, 16

x 100 = 19.5“4

Finaldorree olsat. §

%

“Be sure toinclude any 2a:l 2dtruded from fing which is i consohdamoter



COMSOLIDATICN TEST (Time-compression data)

Project Splotp  RIma Rivee Basin H/Qtgs

Data Sheet 15

_ JobNo. M.Sc  Chvil 1989

Location of Project __SCOKOTO BoringNoPL1_2__ Sample No. 5
Description of Seil __feddish Beown Clayey Gravel Depth of Sample 2.5m
Tested By ) sl Date of Testing
Loading Test Data
Load 2.89 kPa Load 5,78 kPa
Date appiicd __220d August 1968 Date applied 22¢d_August, 1988
Applied by _Es C. O Applieaby _E & O |
T e | BTG |, | oo a0
::: = Orginal ﬁ1§|151uﬂ(mf :V ;:: t:::: Original Agjusted (mm)
0.0 | 2210 0.00 g.00 | 213.20 0.10
0.25 | 2200 0,01 v.zs | 20320 | 0.23
1.00 218.0 0.C4 1.0u 203.00 0.23
2.25 217.8 0.04 2.7 203.00 0.23
n.00 | 2176 0.04 500 | 203.00 0.23
6.25 | 2176 | 0.04 6.25 | 20300| 023
2.00 217.6 0,04 9.00 202,00 0.23
12.25 | 2174 | 005 2.5 | 20300] 023
16.00 216,00 0.06 15,09 203.00 0.23
20.25 215.80 0.07 20,45 203.00 0.23
25.00 215,60 0.07 25.00 203.00 0.23
35.00 214.00 0.09 36.00 203,00 0.23
45.00 | 213.80 | 0.09 49.00 | 203.00 0.23
g%, 00 213.60 0.09 b4 .00 203,00 0.23
81.60 | 21320 | o0 | 81U | 20300 023
100.00 | 21320 c.io 100.0C | 202,80 0.23

*Insart gage subdivizions N.0Y mm/div, slc



—

CONSOLIDATION T23T {Time~comprassion dats)

. Project Sokoto Rima River Basin H/

50K0TO

Location of Project

Doscription of Soit _Reddish Brown Clayey Gravel

Tested By ECO

Data Sheet 15

Baring Na. EII_:L Sample No. _..3__

Logding Test Data

Loaod

L1625

kPa

Date applied 24th_August, 1968

Applied by

lLoad

Depth of Sample 2.5m
Date of Tecting
22,12 kB2

Dateappned 25¢h f-\UGUSt. | 788

Applied by
Clock *Dialreadingsx . Clock - Oialrandmngs x ____
[t Elapsed lime Llapsed
and 1M, and fime,
aale g Criginal Adjusied datg min Qnginal Adjusted
0.00 | 202.8 0.23 0.00 | 197.60 0,30
0.25 | 19a.00 0.28 0.75 | 192,00 0.37
1.00 | 198.60 0.28 .00 | 191.80 0.37
2.25 | 198,40 | 0,29 aoes |l o1enen |03
4.00 1 198.20 0.29 B.o0 b 191,40 0.37
6.25 | 198,00 0.29 6.25 | 19120 0.37
G.¢0 | 197.00 0.29 9.00 | 191.00 0.38
2.25 | 197,20 0.29 12.2% | 190.20 0,38
16,00 167.60 0.29 Ity ) 198,60 0.38
20.25 | }97.8 0.29 20,25 | 190,40 0.38
25.C3 197.80 0.29 25,00 190.20 0.39
36.00 | 197.70 B.30 36.0¢ | 19010 Q.39
49,00 | 197.70 0.30 49,00 | 190.00 0.39
£4.00 | 167,70 0.20 gh.ou | 189.80 0.40
87.00 | 197.50 .30 3 189.70 0.40
100.00 | 197.6C 0.70 o 10,00 1£9.70 0.40

“insert gage subdivisions 001 mm/div, o,



3

CONSOLIDATICH TEST (Time-compression datn)

Project _Sokoto Rima Rivec Basin H/Q

Location of Project SOKOTO —. Boring noPIT 3 Sample No. 3
Description of Soil _Reddish Beown Clayey Gravel  pepthof Sample 2.5m

Tested By E. C. Q Date of Testing

Loading Test Data

Load __46.24 kPa Load 92,48 kPa

Date applied _26th Aucuct, 1988

Job No.

Data Sheet 15

M,5c Civil 1989

Date applied 27th August, 1988

Appliedby __E. C. O, Applied by E.C O
g Biga Dalread gt oo -9 Ciapaed e
b iy Onginal Adjusted :?:i pey Original Adjusted
0.00 | 189.70 | 0.0 0.00 | 130,00 [ 1.16
0.25 | 141.00 | 1.02 U.75 | 11600 | 1.33
1.00 | 139.00 | 1.04 oo | 116,80 | 135
2.25 | 13860 | 104 205 | 114640 | 135
4,00 | 13800 | LO4 wooo | 11620 | 1,36
6.25 | 12600 | 1.08 .05 | 11400 | 136
$.00 | 13400 | 110 9.c0 | 11320 | 137
12.25 132.6C 1,13 12.05 113.00 .57
' woeo bostes | s | e | nzee | 137
l 20.25 | 13160 | 1.3 20.25 | 11260 | 1.38
| 25.00 | 13140 | L1 o5 uo | 11240 | 1.38
; 36.00 | 13100 | 114 6.0 | 11220 | 1.38
! 2.0 | 13080 | LIS 49.00 | 112,00 138
' e.CU | 13060 | 1.5 64,00 | 111.80| 138
1 .00 | 13040 | 145 | o1 o | mea| 139
| 700,30 —:L 20.090 ; l.It'._ - { 100,03 111,40 | 1,40

"insent gage subdivisions 201 mm/div. olc.



coMSoLIDATION ST (Time-comprescion datz) Data Sheet 15

Project _Sakoto fiima Rbme Basln H/Q _ JosNo._MSc Civil 1989

Locaticn of Project SOKOTO Boring noPIT 3 Sampie No. _2.__..
Description of Soii _Reddish Brown Clayey Geavel Depthof Sample 2,5m
Tested By E.C O Date of Tesling

Loading Test Data

Load 104,96 xPa Load kPa
Late applied . 23th_Auaust, 1968 Date applied
Acptedby . Fo Lo Ch Applied by .
?:’:‘C: t Eiapsed ettt i-I::: R Elapsed Durrudlmgsx e
and time. and time,
gate min Cngnal Adjusted cate min Original Adjusted
0.00 i11.40 1.40 .00
0.25 97.00 1.57 .25
1.03 95.80 | L 1.0u
. 2.25 | 95.60{ 159 > 5
! {00 §5.40 ! 1.59 | L.00
| 6.25 | 9500 | i 6.25
| 9.00 93.80 | 1.62 | 9.00
1)
| 12.25 | o0 | Lz 12,25 |
16.00 53,00 | .63 1,00
| 20.25 | 52.20 1.64 20.25
| 25,00 | o200 | e 25.00
: 36.00 92.0u 1,64 36.G0
| w9.50 51,80 | .64 ‘ 4900
il 64.0C 91.50 1.65 64.00
| 8r.c0 | s151! g5 5 8+ (o
I ona n | grem | e  JT——
. ] e G ' P ;' P ]_ A0 e L I'
*Insert gage subdivicsions 8 01 mm/div, ¢'e
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