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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,



19

(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,



23

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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