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ABSTRACT

The addition of traces of chemcals in the
stabilisation and nodification of expansive soils have
been a common practice. Basically, line (hydrated |ine
and quick linme) have been found to be nost effective in
reducing the swelling properties of potentially
expansi ve soils. In regions where |linme is scarce,
cenent has been found to be a suitable alternative.

In Nigeria, the current prices of cenent and |ime
have been found to be very high, hence the need to | ook
for suitable alternative stabilizers to replace or
m nimse the use of |ine and cenent.

This thesis considers the effects of |ocal
hydrated linme, sand and cal cium carbonate on the black
cotton soil as conpared with those of I|inbux and cenent.
Fromthe results of this thesis, it has been found that
cal cium carbonate greatly inprove the workability of
the Black Cotton Soils because it reduces the cohesive
properties of the soil. For calcium carbonate
addition, wup to 10% the cohesion of the Black cotton

soil can be reduced from 70kN/ n? to 22kN nt.

Al t hough sand can be used to reduce potentia
expansion of Black Cotton clay, stringent nmaintenance
culture will be required and the cost advantage in using

sand depends on the distance through which the sand have
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to be hauled. Wen sand is used as a stabilizing agent
in black cotton soil, 1 to 2% cement is recomended to
be added to the soil in order to inprove the otherw se
low strength and durability properties of the sand
st abi 1i sed soi 1.

The local Ilinme showed the greatest advantage in
ternms of cost. It cost about half the price the inported
lime and the inprovenents achieve through it use are

high for the calcium oxide content (44.9% and the

percentage of insoluble residue (13.5fc) in it. 1In other
to inprove the strength and durability of the Iline
stabilized soil, it is recomended that a |ine/cenent

combi nati on should be used.
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CHAPTER T

INTRODUCTION

1.1 Introduction

Expansive s0il are those which swell and shrink
considerably with changes in moisture content. When
dry, they are usually very hard (like bricks) and are
characterised by very deep cracks. When wet, the soils
loose stability and are like plastic modeling clay.
This 18 because of the presence of clay minerals with
expanding lattice structure such as montmorillonite and
illite.

Potentially expansive so0oils can be found almost
anywhere in the world but they are basically confined to
semi—-arid and arid regions of the tropical/temperate
zones. This regions are usually characterised by marked
dry and wet seasons with low annual rainfall, poor
drainage and exceedingly great heat. The c¢limatic
condition 1s such that the annual evapotranspiration
exceeds the precipetation. These conditions encourage
extreme disintergration, strong dehydration and resisted
leaching of the parent rock. Thus 1in an alkaline
condition, with retention of magnesium and calcium 1in

the so0il, the formation of montmorrillonite or 11lite 1s



encouraged /6/.

Two groups of parent materials have been associated
with expansive soils. The first group comprises of
sedimentary rocks of volcanic origin. The tuft and
ashes are made-up of volcanic dust which are essentailly
a collection of minute glassy volcanic particles. This
volcanic dust readily weather to form montmorillonite
clays. Expansive soils formed from these groups of
parent. materials comprise the North American, south
Africa and Israel expansive soils /36,50/.

The second group of parent materials are basic
igneous rocks such as basalt which are made up of
calcium rich feldspar and dark minerals which are high
in weathering order (i.e. unstable). These constituents
decompose to form montmorillonite and other secondary
minerals. Prominent. expansive soils 1n this group are
Indian, Nigerian and south-western U.S.A. black cotton
soils /6,39/.

The problems of expansive soil cannot be over
emphasised. All over the world severe damages have been
attributed to expansive soils. In the United States of
America alone, damages attributed to expansive soils
amount to some 2.3 billion dollars annually. This is
more than twice the damages from flood, hurrican
tornadoes and earthquake put together /20/.

Results of various tests carried out on expansive

soils have shown that the basic problems encountered in



expnansive soils are as a result of their swellinag
nroperties. It has been observed that lona before
failure sians resultina from the soils compressibility
and shear strenath are felt, damaaes resultinag from
different.ial heave are obvious.

Usuallv as the so11 swells and shrinks, tensile
cracks of about 15 to 30 cm wide and 2.7m to 3m deen
develop in the soil structure durina the drv season
/30/ and close un durina the wet season. These
seasonal movements stress the overlaving structures.
Over the vears. a build-un of stresses occur in the
narent, structure or buildina (because of the difference
in their properties and those of the clav) as the clay
underanes these seasonal movements. These built-up
stresses result in cracks and further stressina of the
structure widen the cracks, Hence 1t i1s not sunrisina
that cracks fraom expansive so0ils run riaht fraom

foundation throuah to the roof of the buildina.

1.2 Rlack Cotton Soils

Rlack cotton so01ls are the most troublesome
axpansive soils in Africa. Tn fact thev are the maior
nroblem soils in Nigeria. The soils are aenerally
dark=-arev to hlack in colour with montmorillonite as the
pradominant. clay mineral /30/. They are characterised
with larae percentaae [(often areater than 50%) of hiahly
nlastic clav. with low CBR value and hiah swelling

potential.
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In these regionas severa cracks noticed on lightly
locaded buildings have beaen associated with differential
heaving resulting from seasonal changes in the soil

properties. Also very few roads that have bean

constructed through these soils have proved
satisfactory. However these roads have been found to be
practically impassable especially during the wet seasgon
whan the soils expand fully. ; S ;
1.3 Statement of Prohlems é fil i

The rapid growth in development after the end_of the
sacond world war produced a demand for strongeJ a;d morea
durable roads as well as buildings all over Africa.
Since then, the angineers in most developing countries
are forced to be more careful 1in thaeir uwtilization of
construction materials and construction site. | |

A number of factors such as increase in construction
- volume, more sévera loading conditions and growing
shartage of suitable materials and poor site conditions
have greatly increased tha need for stabilized soils.

In regions whare Black cotton saeils are found, most
daposits have been found to cover surfficiently large
areas that avoiding or by-passing tham is not always
feasible. Alsoc the soils have been found to be poor
material to amploy either as foundation soil or for
highway and airfialds. On the other hand suitable

laterite which is commonly used on highways ara hard to

come by. These needs bhave shown that stabilization of
i

!
|
|
i
|
1
|
:
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the s011t 1is the only feasible alternative that can be
ambharked on. : | T
So far the techniques of stabilization that have
been applied in stabilizing expansive soils include:~-
1. flooding the insitu so0il to achieve swelling prior
te construction. Lo . ;
2. decreasing the soil density by compaction control,
3. replacing the swalling soils with non-Lwa111ng
soils. f i i
4. changing the properties of expansive soils by
chemical injection and _ {
5. Isolating the s0il so that thare will be no
moisture changes in the so0il. ' . l
In Africa, suitable equipment to carry out some of
these processes are scarce, hence most of the Lechniques
have not been practiced on black cotton sails. However
the most common stabilization process that has been in
use is mixing the soil with traces of stabilizer (i.e.
cement,bitumen and lime). b : !
Howaver, since the techniques of stabilization are
only considerad when the existing soils at a site are
not entirely suitable in their present state, economic
considerations are of primary importance. Hence large

scala stabilization should be cheaper than othar

available techniques such as replacement of unsuitable

|
. ' |
soils. _ _ :

Although mixing of Black cotton s0il with traces oy




Time and cement have been standard procedure in most
countries where they have been found, however, there
have not been actual records of any of these techniques
in any of the Nigerian roads except on Gusua - Kalihari
road where sand-clay combination was proposed /156/.
Furthermore strength criteria that is commonly use to
identify soils 1in Nigeria was developed 1in temperate
climates and may not always be valid for use in the
tropics.

This thesis considers stabilization as a possible
process in solving Black cotton soils problems and the
effects of stabilizers on the different properties of
the clays. To achieve this, cement, hydrated 1ime
(1imbux and locally produced 1lime), calcium carbonate

and sand were used as stabilizers.



CHAPTER 2

i

|
2.1 LITERATURE REVIEW o

R

Docuﬁented evidance has shown that the problems of
expansive so0oils are world-wide having occurred in
countries such as South Africa, North and South
America, Austrailia, India, Nigeria, Morocéoland many
others (fig. 2.1) /6/. The damages range from sticking
doors and hairiine plaster cracks to total destroyed
homes and complate or partial destruction of road,
pavements /20, 30/. ' . | - i

In Nigeria, Black cotton soils have caused a lot of
damages. ATthough the extent of these damagas have not
been estimated, there 1is a strong evidence that most of
the cracks noticed on lightly lcaded builidings in
reagions where black cotton scils occur are as a result
of differential heaving of these soils /18,32/. Failure
of road pavements in these region have aIso_baap
associated with black cotton soils. One of ;uch roadé

is the Numan-8iu road that was confirmed to have failed

as a result of the presence of subgrade black cotton

i
3
l
|
I

soils f40/. ‘

In 1983, 0la /36/ pointed out thatlmost of tha road
that links the Northe-eastaern part of Nigeria with the
neighbouring cduntries pass through these soi1s.”He also

stated that these roads carried about 250,000 tonnes of

Nigaerians axport fuel and other produces to the
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neighbouring countries, hence they are usually
overloaded. This and the bad subgrade so0il caused the
pavement to fail, hence the ease of transportation was
impared. Thus causing considerable loss to the country.
This view was further stressed by Qureshi /42/ in 1989,
when he opined that ’Nigeria has not yet recognised the
losses from expansive soils’.

To find lasting solution to the Black cotton soils
problems, a lot of researches were carried out to study
the general geotechnical properties of expansive soils.
Below (Table 2.1) is a review of the results obtained by
various researchers.

These researchars in most cases have recommended
stabilization as one of the probable solutions to take

care of the black cotton soil problems.

10



Table 2.1

various resaarchers
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* Test was not carried out.

Test Morin
/31/

18719

Activity 0.82

S. gravity 2.52

% clay 56

Liquid

Limit 56

Plastic¢ Limit 20

Plasticity

Indax 46

Optimum

Moisture

Content 20

Maximum Dry

Densi&y

(Kn/m<) 1.683

Swelling

pressgra

(KN/m*<) 983-1220

Pressura

% free wall 50-100

Coefficient

of compra-—

ga3ibility *
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Summary of Test results on Black-cotton soils by

Musa
/32/
1977

30.6

43.3

27

1.418

Ibeh
/18/
1978

116

45

71

_KASHM IBRAILM Lil

Ola Quresh!
/36/ 742/
1983 1989
1.04 .18
2.56 2 .51
A5 ' 54
78 40
[
31 32.03
47 7.97
k i
27 21
1.415 1.738
.
1269 1289
503 - 80
|
0.53 0.25
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2.2 Stabilization in Expansive soils

The techniques of stabilization have been well
established among engineers and laymen. For centuries
the Chinese have been using lime as stabilizing agents
in foundation soils /48/. The early Roman Empire also
used lime for road construction /27/. The use of lime
for road construction has been in practice in the United
states of America since the 1960s, while cement has been
applied successfully for granular soils 1in the United
Kingdom although with less success in most clayey soils
/24/.

In most parts of Africa, excellent and cheap roads
have been built using stabilized soils for bases. One
of the most successful large scale application of soil
stabilization in Africa is 1in Zambia where nearly all
the existing roads have lime stahilized road bases.
Some of these roads have successfully been carrying up
to 3,000 vehicles per day since they were constructed in
the early 1950s /5/.

The use of stabilization 1i1s based on economics and
practicability of operation. 1In soils, different
stabilization techniques have been applied for different
soil problems. For instance potential heave in expensive
soils have been controlled through compaction control,
prewetting, maintainance of constant moisture content,

s011 replacement and introduction of chemical or

12
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N
maechanical stabilizer 1nto the soils /6/.

In expansive s501i1ls, compaction caontrol have Been said
to be one of the most practicable and economical methods
used in controlling heaves /f1/, Generally, expansive
soils have been found to heave very lTittle when
compacted to low densities at high {about 4 to 5% above
optimum moisture content) moisture content /14/, but
expand greatly when compacted at high densities and lTow
moistures. . ' |

In this preocess the controlling element is density.
- This because lower densities results in lower swelling
potential, and the control of moisture contant can
generally result in lower density fill and nat that high
moisture will reduce swelling. i L E

Compacting stiff clay at 4 to 5% above optimum
. moisture content has been found to be very difficult,
hence the process of recompacting swelling clays at
moisture content slightly above their natural moisture
content and at Tow densities 13 agreed to be an
excallent approach. With this method, when the dry
density of a typical expansive clay is decreased from
1.746 to 1.602 mg/m3 without changing the s0il1 moisture
.content, a decrease of swelling presure from 622.4 to

2.394 kN/m2 and tha swelling potential from 6.7 to 4.2%
!. o
Gromke /147, recommeanded that to achiave any

can be achieved /6/.
meaningful rasuit, the so0il should be compacted as wet

|
I
13 i



as 1t can be worked without replacing its ability to
support loads and it should be compacted uniformly to
minimise differential movements. He was however, quick
to point out that specification calls for frequent
testing and narrow range of water content may increase
the compaction cost by 10 to 20% over an indentical
operation with only a minimum relative compaction
specified.

Control of moisture content is done by isolation of
soil so as to prevent moisture movements. One of the
most common methods of maintaining moisture content is

through installation of impermeable barriers and

adequate drainage system and control vegetations
coverage /14/.

A number of highway developments have had some
success with asphalt membranes in minimizing heave of
pavements. The membrane is aither sprayed on at a rate
of about 7-24 litre/meter, or placed in 5/32-in-1/2-1n
thick prefabricated sheets. Usually a sub-base of a non
expansive material 1is laid on the membrane followed by
surface pavement materials /14/.

A simple and easy solution to slabs and footing
founded on expansive soils 18 to replace the foundation
80118 with non-expansive soils. Some builders believe
that the use of coarse broken stone or gravels fill
under slab will reduce the uplift pressure of expanding
clay by providing void spaces into which the clay can

flow as 1t expands. But under light pressure floor

14



slab, the clay does not enter the voids of the crushed
stone enough to prevent uplift and cracking of slab.
However experience has shown that if the subsoil consist
of more than about 1.5 meters of gramnular soils, under-
lain by highly expansive soils, there 1is no danger of
foundation movements when the structure is placed on the
grannular soils /28/.

Another old process in dealing with swelling soils 1is
prewetting. Prewetbting theory 18 based on the assumption
that if the so0il 1is allowed to swell by wetting prior
to construction and if the high moisture content 1is
maintained, the soil wvolume will remain essentially
constant (achieving a no heave state) and therefore
structural damage will be minimised /6/.

The present prewebtting practice usually involves
direct. flooding or ponding of the building site. By
constructing a small earth berm around the outside of
the foundation trenches to impound water, the foundation
and floor area can be flooded. This method has been
successful in few cases. Experience shows that
prewetting moderately expansive soils to a condition of
85% saturation at a depth of 0.76 meter 1is often
satisfactory while for highly expansive so0ils,
saturation to 0.92 meter may be sufficient /6/.

However wetting the foundation subsoil by ponding may
require depth unless the clay contains a fissure system

to aid water percolation through the soil /28/.
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Prewetting can bé-facilitated by the installation of
grid of vertical wells prior to flooding. This can
reduce the time necessary to adjust the soi1l water
content. to the point that most of the heave will occur
within a few months of flooding /14/. After prewetting,
4% or more of hydrated l1ime is often mixed with the top
layer of clay to reduce its plasticity and make it more
workable /14/.

Means /28/ pointed out that flooding procedure 1is
seldom effective in preventing uplift of buildings.
This 1s because the completed structure may continue to
rise for sometime after prewetting.

Water diffuses through soils in various parts of a
s1te at different rates, depending on the variation 11n
the permeability of the soi1l mass. And the clay may
become so swollen after ponding that shrinkage of soi1l
along the perimeter of slabs-on-grade may be severe 1in
arid locations, unless a high moisture content is
artifically maintained in the clay outside the slab.
Hence ponding may not bhe effective for shallow
foundat.ion systems, especially in arid regions /37/.

As a rule clays with high secondary swell
characteristic and variable mass permeability are not
good canditates for ponding /37/.

Ponding have been shown to be effective 1in
mitigating, but not eliminating distress in highway
/37/. When ponding is applied in highway a significant

penetration of 1.22m can only be achieved below the pond
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during a period of 24 days: whila a'more desirabie bond

can be achieved approximately after 30 days /8/.

Generally the long period of ponding can greatly

increase construction time and hance construction cost.

Two other means of so0il

stabilization:

addition of

sotl and moisture adjustment. deserve consideration under

spacial conditions a satisfactory answer to a particular

problem can be obtained merely by the proper additicn of

some local soil and compaction control.

vary eaconomical f27/.

pointed ocut, moisture adjustment

This can be

As TurnBull 22/ caorrectly

and compaction are

intaegral parts of the process of soil stabilization and

are often all that are needed to obtain the particular

so1l properties desired.

Soil stabilization of expansive soil by blending

with sand is very uncommon, because of

E

the law

improvement achieved and the high quantity required to

achieve a reasonabla effect.

Research by Sherif /44f/ and Norius-Ferreira /33/ has

shown that blending of expansive so0il

with sand can

reduce the potential expansiveness and improve the shear

strength of the s0il, but large pefcentage'af the

stabilizer will be required to achieve any meaningful

effects. Hawaver a cement-sand combination can be used

with less economic disadvantage /27/., |

On the other hand,

I

the use of surcharge load

(equivalent to floor load) havae been found to be most
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successful in speeding up consclidation of high clay to

reduce swelling when the actual construction is caried

out. The soils consolidation is speed up through the
installation of sand drains in the clay strata. The sand
drains speed up the dissipation of pore water in the
clay, hence the s0il gets compressed fastar. When this
process 1s applied, the surcharge load 1is removed when
the canscglidation of the clay 1is completed and the
building is then placed on the consolidated soil. i

The preccnsolidated clay that the building is placed
on has lower swelling tendencies and the sand drains aid
in removing pore water even after constructi;n thus,
preventing further swelling of clay. | t ' i

In 1953 Kyle /22/ reported the use of sand drains in
Port Newark. He pointed out that this procedure will
cost approximataly $18.73 per square meter less than
when concrete beam and girder construction 1i1s been

used.

Concrete grade beams, floor slabs and piers

combination and rigid frames and slabs combination have
B

proved very succassful in prevent uplift presure 1in
buildings. Their use 1is based on the principle that
clays at considerable distance below the surface do not
swall and shrink as much as clay near the surface. Tha
general practice 1is to place them at a depth that they
will be able to rasist uplift movements 28/

II B
proper precautions are not taken, damages due to

, but if

expansion of near surface clay may be as great as if the
|



footings where placed near the surface. Means /28/,
recommended that if grade beams or floor slabs are used,
provision should be made for a void under the grade
beams or slab that clay can expand into without exerting
uplift pressure. A number of packed hays or straws 1in
the bottom of trenches for grade heams have been used
successfully in Oklahoma /28/, while round bales of
hales or straw laid side to side and end to end to fi1ll
the space under slabs have been successful under floor
slabs.

The method of preventing damages to buildings by

placing them on slabs or frames strong and rigid enough

to transmit the building loads to the so0il without
excessive deflection 1is used extensively 1in some areas
where soil and climatic conditions are exceptionally
bad. These slabs are usually made with slabs cast
integrally with stiff beams several feet apart in two
direction. Design of these rigid slabs is based to a
considerable extent upon experience and judgement./6/
Although the processes previously mentioned have been
successful in their own right, the use of chemicals in
stabilizing expansive so0ils seem to be the most common
practice in most developing countries /5/. Additive
such as l1lime, cement, and bitumen have been tried for
many years with some degree of success. Organic
chemicals, fly ash and compounds such as sodium

silicate, calcum chloride and sodium chloride have shown
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some promise, buf thaere 115 no supporting evidenca that
any of them has economically worth whila banefits /&6/.
Like in most African countries, in Nigeria cement and
bitumen stabilization is used in pgreference to 1ime
/41/. This is probably due to difficulties in obtaining
time commercially.as wall as and its relative higher
price. ; ‘. : _ | o
Cement, though the most common stabilizing agent is
not as effective as Time 1in reducing potential
axpansiveness of swelling soils. In practice it is more
difficult to introduce cement into very fine graned
soils because it is Tess soluble than l1ime /&6/.
Acpu311y the effects of cement are similar to those of

lime +in expansive soils. However, the improved (28
days) unconfined compressive strength of soil-cement
which is of the order of 300 to 600 parcent by weight of
tha added cement 1is about twice what 1is obtained for
lime Regardliess of these differences, it 1is 1intaresting
to note that the same cost effective conclusions are
applicable to both cement and l1ime stabiltized expansive
soils /41/.. _ i : l

The use of cement and 1ime in stabilised undar—-slab
soil in building is seldomly reported. There appear to
he a grater potential for using cemant to modify undar-
slab soils. Chen /18/ pointed out that 2 to 8% cement
incoorperated in the clay can result in a soil cemant
mixture which acts as a semi rigid slab. |

Roth cemant and lime have baen used in highway
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construction for modifying the swelling property of the
subgrade soil. The use of lime for stabilizing highway
subgrade was first initiated by the Texas state Highway
Department in 1945 /45/. Since then the use of lime,
particularly hydrated lime to reduce plasticity and
improve workability and strength of clayey soild has
been on the increase. For 1instance 1in 1969 the Texas
State Highway Department used about half a million
tonnes of Time for stabilization. The Dallas~-fort worth
Regional Airport which was claimed to be the World
largest. lime stabilization ever undertaken also consumed
about 200,000 tons of lime /14/.

It is generally recognised that the addition of l1ime
to expansive clay reduces 1ts plasticity and hence its
swelling potential. Gromko /14/ in 1974 gave a range
between 2 to 8% by weight of soil as the likely quantity
of 1lime required in stabilizing expansive soils. He
however pointed out that flyash 1s sometime added to
soil lime to increase pozzolanic reaction. O’'Neil /36/
on the other hand recommended a range between 5 to 7
percent of 1ime by weight of expansive so0il been
subjected to ammonium stabilizers. So far in Africa, a
range between 1 to 7% by weight of 1ime have been in use
/5/

Although cement is most effective in grannular soil .
with liquid limits less than 40% /24/ a 10 percent

addition was found by Maclean /27/ to be sufficient to
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produce a material with adequate strength at constant
moisture content. He was also able to show that 20%
cement or 15% cement supplemented by 2% by weight of
hydrated l1ime was required to prevent hreaking of soil
cement in the presence of free water. Cement. can also
be better used in soils with liquid l1imits greater

than 40, if supplemented with some amount of sand but at
an increase 1in construction cost /27/. Grimmer /13/
pointed out that aggregate larger than 45mm will
contribute very little to the strength of clay-cement.

Sodium cloride has also been found to be very
cheap to apply. However its main disadvantage is that.,
being a soluble salt, it 1is readily leached from the
s0i1l by subsequent rain. Hence frequent renewal will be
required unless surface seal is quickly applied /19/.

Phosphoric acid and phosphate where occasionally
used in America on experimantal bases, but they have
been found to be too expensive. This is because the
quantities required are not very different from lime or
cement requirements and the cost 1s several time greater
/19/.

Organic compounds stabilize expansive soils by
waterproofing, by retarding water absorption, or by
hardering the soil with resins. The use of such organic
compounds as Arguard 2HT or 4 - Tert Butytpyrocatechol
/14/ have been used with a Timited degree of success.
However, the estimated cost can be as much as twice that

of 1Time with similar application problems,
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However 1in 1984, Gilbert Lodge and Company
(Australia) was able to report the successful use of a
combination of two chemicals they ca]]adhCOnao1id 444
and Cbnservex"in s0il treatment. They were able to
reduce the destructive swelling effect of approximately
12% of local Black cotton soils to a figure near zero
with an appreciable improvement 1in the soil CBR value
il

For treatment 0.25% consolid 444 and 2% conserver
was used to reduce the percentage swelling from 12.8% to
0.5% and improve the CBR value of the soil from 2.5 to
35 /11/.

Stabhilization in black cotton soils has always
been carried out using l1ime or cement or a combination
of the two stabilizing agents. In 1983 0la /36/
recommended 8% by weight of 1Time, and 6 to 12% by weight
cement. or a 6% lime and 8% cement combinations for
Maiduguri black cotton soils.

In 1986 the Pavement Evaluation Unit of the
Federal Ministry of Works and Housing /41/ recommended 7
to 10¥ by weight of cement for all fine grained soils.
However, it was specified that a further 4% increase
should be made for most A-horizon soils 1f thay are gre,
to dark grey and 6% if they are black.

Komo /21/ observed in 1989 that the free swell
value of Maiduguri black cotton soil can be reduced from

35% to 0.55% by the addition of 2/2 percent by weight of
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cement/l1ime combination. He however observed that though
this quantity of cement/lime can reduce the free swell
below the acceptable 2% 1imit, the mixture is not
durable enough to survive a five hour soaking in tap-
water at room temperature. His 4/4 percent combination
of lTime/cement. however was found to be durable enough
having been able to survive 12 cycles of wetting and
drying with only 5.20% weight lost.

Stabilization of Black cotton soil with sand,
though an uncommon practice was recommended for a feeder
road which passes through a 15km stretch of black cotton
soil in Borno state. A fair 1improvement 1in strength
(CBR) was achieved with a 25/75% sand/clay combination
/15/. However, the level of the road had to be raised
to facilitate drainage and regular maintenance was
recommended to be carried out before and after every
rainy season.

These stringent measures have to be taken since
there 1is no actual binding between the clay and sand.
Thus there will be some amount of breaking away and
eventual weakening of the subgrade 1in the presence of
free water.

It is very obvious, that the fact that a
particular quantity of a stabilizer can reduce the
swelling pressure below the minimum, does not
necessarily mean that the resulting mixture can supply
sufficient defence mechanism against loading and

environmental factors it will be subjected to.
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CHAPTER 3

EXPERIMENTATION

3.1 Location of Sample

Sample for the experiment was collected at km 45 +
850 LHS near Bandigram bridge along Numan-Biu road in
Gongola State. Disturbed samples were collected from a

depth of 0.73m.

3.2 Properties of collected sample
3.2.1 Visual examination

The s0i1l within the location was very hard (rock-
like) with cracks of about 0.245m wide and 2m deep
running through it. This was because the sample was
collected during the dry season. From visual examination

the soil samples can be said to be dark-grey 1in colour.

3.2.2 Classification and Preliminary test

Preliminary test was carried out to determine the
physical properties of the soil samples 1in accordance
with BS1377 1975. The results obtained are shown in

Table 3.1.
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Table 3.1 Properties of Black Cotton Soil

Test Range of
Test Tyvpe of Test Result Result
No. . _ {Morin
! 1971)

2.1.1 Initial moicsture content 13.26%
2.2.2 Liguid Limits * 62.3% 22-124
2.2.2 Plastic Timits 24.19% 11-74
2.2.2 Plasticity Index 3g8.11 11-50
2.2.2 Inear shrinkage 18.6%
3.4.11 . pH : 8.2 6.3-9.2
2.66 Specific gravity 2.40 2.28~2 .68
2.1 % clay content 64% 38..70
* %fraa swall 76.26 50—-100

Group Index 24
* Optimum moistura 18% 13-32.2

- . contents % i

* - Maxigum Dry Dansity . ’

KN/m 17.12 13-32.2

- Activity 0.60 <1

* . Swa]%ing potencial:

Kn/m 127.00 89.3-222

' AASHTO classification A-7-8 A-7-5 orA.7-6

P

- st ok ek s o ot £ e

q{i
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3.2.3 Chemical Analysis and Differential Thermal Analysis
Chemical and diffarential thermal analysis (see
Fig. 3.1) were carried out on the soil sample to
datermine the predominant clay minerals and the various
exchangable cations and oxides present in the soil.
The results obtained are shown in Table 3.2, and
3. 3. o |

Table 3.2: Total Analysis on basis of
oxide content

T N AL ek e e e o e S — it A T e et g Tl bkl e e e o N T Sy o

Oxide Compasition Parcentage

Calcium oxide, CaO : ~ 0.58

- Magnesium oxide, Mgd = . - D.06

Fotassium oxide, K,0 .12

Sodium oxide, N320 : 0.15 '
Ferric oxide, Fey04, | - 1.97

Titanium oxides Ti04 _ -

Silica, sio, . 62.3

Alumina, A1,0, . 23.8

A L o et M S U by e e T B et e o S S o N ! o e e e P e e Y — T —
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Table 3.3: Physico Chemical Analysis

o ———— . i T S S s . B S S S T T T S T T o o . e e et

Extractable cations Percentage
catt 0.412
mgtt 0.034
k* 0.049
Na® 0.058
ERr T 0.02
T'i+++ %*

[ —————————————p PP e E Ll e

Fig. 3.1 DIFFERENTTAL THERMORAM APPARATUS
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The soil sample was found to have a PH of 8.2
with cation exchange capacity.of 52 milli-equivalent per
100 grams. The percentage of organic mater 1is 1.03%
while that of organic carbon is 0.60%

Results of differential thermal analysis (Fig.
3.2) for the sample suggest. that the s0il is a mixture
of montmorillonite and kacolinite. The large endothermic
peak at. 120°C relative to the dehydroxylation peak at
580°C suggest that montmorillonite is in greater

proportion.

3.2.4 Swelling characteristics
1) Swelling pressure

The swelling index of the Black-Cotton soil was
determined using the F.H.A. Guide for soil PVC meter
/9/. The average maximum swelling index for the soil
sample was 127 KN/mQ. Result of test is given in Table

7 of appendix A.

ii) Percentage free swel)
The percentage free swell 1s defined as the change
in volume of dry clay expressed as a percentage of its

original volume. It is expressed as:

Free swell = V=Vo
———— %X 100%
Vo

where - V - Final volume of solids

Vo = 1Initial volume of dry soil (Vo=10cl).
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Laboratory determination of percentage free swell.

509 of oven dried so0oil was grounded and passed
through sieve No. 40. The so0il was then placed loosely
in a 25ml cylinder up to the 10ml mark and later this
was slowly poured into a 50ml cylinder containing
distilled water. After one hour, the volume of the

settled so0il was read. Table 3.4 shows the result

obtained.

Table 3.4: Percentage free swell of Black cotton soil

T —————— o T i T e e o . o e i e e i o e e T T W

Test Final volume % Free swell
1 16 60
2 18 80
3 19 90
4 17.5 75
Average 76.25%

e e

3.2.5 Permeability

The permeability of the soil was determined using
the falling head permeameter /3/, with cross-sectional
areas of tube (a) and mould (A) being equal to 1.?70m2

and 84-95CM2 raeaspectivaely. The test results are

tabulated below (Fig 3.5).
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Table 3.5: Parmeability of soil samples |

Length Tima Helght Helght hi/h2 Ln{h1/h2) a/A Coafficlant of
L ti1-t2  hi, em h2,cm X10-3 pormeability
cm sac k = aL (h1/h2)

. At
x10~8 cmlsec

4.5. 865 204.13 150.13 0.281. - 0.281 5.18 7.24
4.5 §58 204.13 154.13 0.2 ) 0.281 5.18 S.Bl!
4.5 S0& 204.13 154,12 0.281 0.2a1 5.18 T.23
4.5 5049 174,13 154.13 0.122 0.122 5.18 5.59

}

3 .
| . The average coefficient of permeability for the
|

s0i1 sample was found to be 6.13 x 10”8 cm/sec. The soil

was classifiad as having vary low daegree of permeability

/427, | I

b l
! ' :

3.2.6 Shear strength

Triaxial test was carried out according to BS1377
19?5 Teéf 5.6 on the so0il sample. From the analysis of
test results (Table B8 and S, Appendix A) the valuas of
tHe shear strength parameters C and O at cptimum
moisture content and at plastic l1imit are (52kN/m2 and

1.01°) and (70kN/m® and 6.48°) respectively. | [
I

1 | | !é

3.2.7 Consolidation and settlement characteristics
L The Soil was tested according to BS1377 1975 Test
5.2.17. Datails of Soil test results and their analysis

are given in appendix A. From the consolidation curve

F

|

|ie
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in Fig. 3.6 the Soil has a preconsolidation load of 9.5

KN/m2 and compression index of 0.24. The swelling index

was also found to be O.00B8B.

3.3

a)

b)

d)

- a)

reagent{100% precipitate).

ffj 1 Tha Timbux

Propertias of Stabilizers

; I
| !
' f

The Stabilizers used for the experiments were:

Hydrated Time (Ca(OH)z)_Limbux { imported)

Hydrated 1ime (Ca(DH)},) Yocal

Calcium Carbonate (Cacog)

Cement

Sand

has a 74% Calcium Oxide neutralysing
value, while the Calcium Carbonate is a Tlaboratory

Test carried out on the local

1ime shows that it has a 44.8% Calcium Oxide contant and

18.5% percentage of insoluble residua. This indicate

that the local 1ime might have baen adultrated.

?”!_i“; Test carried out on the cement shows that it is of
I

'hﬁgh quality with the following resuits (Table 3.8).

Table 3.6: fProperties of cement
Result Standard [
Initial setting time . 2hrs 44mins 45 min{minimum)
Final Setting Time 3hrs 56mins 10 hrs(maximum)

Soundnass(axpansion at 28days) 1mm

Compressiva Stranght 23.11NN/m2

10 mm {maximum)

24MN/m2 (min)

a3




RATI®

O

0.70%

0.63¢

0-60

0554

0.45,

0-40¢

0-35¢

I
Pe = 9.5 kN/m°

Ce = 0.24

= 0.088

Cs

0-30

10 100
Effective Pressure kn/m2
Fig.3.3

CONSOLIDATION OF UNSTABILIZED
BLACK COTTON SOIL
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The Sand used was obtainad from Ahmadu Bello
University Dam. It has a specific gravity of 2.70 and
was classified as wall gradad Sand. Details aof tast
result according to BS81377 1975 14is given in appendix B,

Tables 1 and 2.

3.4 Properties of Stabilized Soil.

In order to improve the geotechnical properties of
the Black-~Cotton So0il, 2, 4, 68, 8 and 10 percent by
weight of the soil sample of Cement,Calcium Carbonate,
Limbux and Local Calcium hydroxide were added to the
Soil. In the case of sand 10, 20, 30, 40, 50, 60
percentages by weight of the soil was added to the Soil.
The Stabilized S0i11 was tested and the following
improvement in the properties of the stabilized soil

were achieved.
3.7 Consistency Limits

Table 3.7: Effect. of Cement on consistency
Timits of Black Cotton Soil.

Consistancy Parcentage of Cemant added

Timits 0 2 4 6 8 10
Liguid Limit 62,30 56 53 48.2 47.8 4B.7
Plastic Limit 24.12 29.2 32.12 33.08 33.01 33.33
Plasticity index as. 1 26.8 20.88 15.19 14.79 16.37
Linear Shrinkage 18.57 15.71 14.29 10.00 7.14 6.43
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Tabla 3.8: Effect of Limbux on consistency

Timits of Black Cotton Soil.

Consistency Percentage of Limbux added
Timits 0 2 4 & 8 10

Liquid Limit 62.30 57.6 48.2 43.15 45.60 45.50 '
Plastic Limit 24.12 22.39 26.52 28.93 31.77 30.78
Plasticity index KE PR 35.21 21.68 15.22 13.83 14.72
Linear Shrinkage 18.567 13.67 10 6.07 5.36 5.00

Table 3.9 tffect of Calcium Carbonate on consistency
Timits of Black Cotton Soil.

Consistency Percentage of Calcium carbonate added
1imits 0 2 4 8 8 10
Liquid Limit 62.30 66.7 70.07 T4. 57.5 57.9
Plastic Limit 24.12 23.10 27.62 27.49 29.49 30.38
Plasticity index 38.11 a45.77 48.97 46.38 28.01 27.52
Linear Shrinkage 18.57 18.57 17.80 17.80 15.00 14.60
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Table 3.10: Effect of Local Lime on consistency
Timits of Black Cotton Soil.
Consistency Percaentage of Locai(CaCOHz added
limits 0 2 4 ] 8 10
Liquid Limit 62.30 84.75 82 61.8 62.5 60.75
Plastic Limit 24,12 24.20 25.16 27.29 27.33 28.01
Plagticity index 38.11 40.55 36.84 34.51 35.17 32.74
Linear Shrinkage 18.57 17.86 16.43 14.39 12.14 10.71
Table 3.11: Effact of Sand on consistency
limits of Black Cotton Soil.
Consistancy Percentage of Sand added
limits 0 10 20 30 40 50 60
Liquid Limit 62.30 87.2 54.76 83.7 52.0 47 46.50
Plastic Limit 24.12 25.84 25.31 27.36 30.086 31.581 32.59
Plasticity indax 38.11 31.36 29.44 26.34 21.94 15.49 13.91
18.57 17.86 16.71 15.35 15.10 14.64 14.29

L1nqar Shrinkage

3.4.2 Maximum Dry Density and Optimum Moisture

content

A dietert compactor was used

instead of the

standard Proctor compactor because a 1ot of specimens

were required and the quantity of soil sample available

was small.
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A diatert compacting machine shown in fig. 3.4 is
a hand operated device. The principle of operation of
the apparatus is illustrated in fig. 3.5 and the liquid
Timit correction far the compaction testing using this

apparatus is shown in Fig 3.6..

Fig. 3.4: Diatert compacting machine

The machine was placed on a solid bench and the
mould weighed without the base to the nearest 0.029™
The mould was then fitted securely on the base and its

internal height was measured in three posiions with
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FIG. 3.5 PRINCIPLE OF OPERATION OF DIETERT
COMPACTTNG MACHINE,
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FIG. 2.6 LTGUTID L TMIT CORRECTION FOR DIETERT
COMPACTION TEST
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| 1
ruler. The average height (H,) was calculated.

About. 1.58kg of oven dried soil was sieved through
the 2mm sieve and 10% of water by weight of soil was
added into the soil and mixed throughly. 1509 of the wet
soil was then placed in the mould later securely fixed
on the base of the dietert machine. 10 blows (number of
blows vary with the so0il1s 1iquid 1imit-Fig. 3.5) of the
drop weight were then applied on both sides of the mould
to compact the soil sample. And the distance from the
top of the mould to the compacted surface was later
measured and the height of the compacted sample were
then calculated.

The mould was removed, weighed and the weight of
wet soil in the would was determined. The moisture
content of the compacted wet soil was determined by
emptying the mould content 1into a container which was
placed in an oven. After 24 hours, dry weight of the
s0i1l was determined.

The test was repeated four times with a water
increment of about 4% of the dry so0il and their
respective dry density and moisture contents were

determined using the expressions below.

Calculation:
Height of mould H = Ho + Hy (mm)
Volume of soil in 50mm diameter mould

V= 2.03 x H (cm?)
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Mass af sai1l used M = M? - H1

m ma/m

wet densitv of soil P = ===
2.03 X H

(100P)
Orv density =  =—==—=—- ma/m
[100xH)

where W = average moisture content

After determining the moisture contents and the dryv
densities, a plot of the dry densities against the
moisture content was carried out. The maximum point
point agave the maximum dry density (MDD) and the
correspondinga moisture content gave the optimum moisture
content (OMC)Y., Below (Table 3.12) are the result of the

effect of stabilizers on the maximum dry densities and

aoptimum moisture content..

Tabla 3.12: Effacts of stabilizers on the maximum dry densitias (MDD)
and optimum moistura content (OMC)

X of Cement CaCoy Limbux Laca1[0a(dﬂ)2] Sand (%)

Stabi11-

zers OMC MDD OMC MDD OMC MDD oMC MDD OMC MDD
o 18 1.7 18 1.7 18 1.71 18 1. 71 18.6 "71[10)
2 20.7 1.87 1.7 1.73 19.2 1.67 20.7 1.72 18.3 1.72(20)
4 20.9 1.61 20.71.73 21 1.63 22.1 1.61 20.4 1.70(30)
6 20.7 1.63 24.2 1..59 22.5 1.5690 24 1.57 18.5 1.?4(403
8 23.2 1.59 23.2 1.59 22.4 1.59 24 1.57 17.3 1.71(50)
10 23.7 1.866 24,2 1.50 22.7 1.64 25.5 1.55 16.0 1‘82(60}

OMC X, MDD in kN/m3

41



||

3. Permeability

|
% The permeability of the stabilized soil was

b determined using the same procedure in the case of the

unstabilized soil. Results of the effect of the

{
"~ stabilizer on the soils is given in Table 3.13 below.

Table 3.13 Effects of Stabilizers on soils i '
Parmeability t

— . ————— e i vk A i o Yl S T S S S S A Y S S ol i (W YT W T Y S — T — S T i i o W e ot St

% of | E

Stabili- Cement CaCoy Limbux Local Ca{Osz sand (S)
Zaers
R&lk f 6.13 6.13 6.13 8.13 6.27 (10)
8.03 6.55 8.00 6.93 §.93 (20)
. 9.56 7.44 125 9.56 11.11  (30)
. 10.45 8.563 18.4 12.8 17.38 (40)
10.56 11.45 19.6 16.5 22.0 (50)
11.12 14.25 22.5 18.7 28.41 (60)

S e e A P S o e e e e AP S e sl ik el Vi e s ke it A ek S S el sk i it S T A AL S T it A T Ty i S . . i il

The permeability (k) = K x 1076 cm/sec

3.4.4 Swalling Propertias
£23 %' Swelling test was carried out on the stabilized soil
with the PVC meter/%9/. For each percaentage of stabilizer
added 1into the so0il sample, three tests were carrisd out.

Tabe 3.14 shows the average of the results obtained.
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Table 3.14. Effects of Stabilizers on the
Swelling Properties of Soils

———————————————— ———————— T —— ——— — o ——— —— o

Ti- Cement. CaCogq Local Limbux Sand (%)
Ca(OH), Ca(OH),

127 127 127 127 127

* * * 105.84 90.72 (5)
88.48 * * 83.16 58.7 (10)
68.04 * * 71.82 30.24 (15)
52.18 11.18 86.94 83.28 10.66 (20)

* * * 21.492 15.88 (30)
30.24 96.77 71.82 9.83 10.58 (40)
22.68 78.62 61.24 2.27 7.56 (50)
16.12 63.50 45 .36 * 12.10 (60)

7.56 46.12 32.51 *

- —— —— e  ———— — ———— — ——— —————— ot o

ing pressura in kN/mz. * - Test not performed.

3.4.5 Shear Strength Parameters

Triaxial tests were carried out on the stabilized
soils to determine the effect of the stabilizers on
their shear strength parameters. Two sets of test were
carried out.. The first set was carried out after 7 days
curring of the soil sample in a dessicator. The second
sets was tested after 60 days curring i1n the desicator
and 7 days soaking 1n water at room temperature. Results

of the effects of the stabilizer on the shear strength
parameters are presented below in Tables 3.15 and

3.18.
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Table 3.15. Effects of Stabilizers on Shear Strenght

parameter

of So0il (7days curing)

;t2;111- Cemant CaC04 Limbux Loch(Ca(UH)z) Sand (%)
zers
c - ¢ ¢ c o c o c o

'0 70 6.43 70 6.43 70 6.43 70 6.43 70 8.43(0)
1 E ¥ ¥ ¥ 90 10.684 * * 50 7.52(10)
2 160 11.31 56 5.71 70 16.70 110 16.70 £8.5I 5.10{20)
3 % * 0% £ 132 25.00 = * 45.0  6.53(30)
4 250 21.80 50 14.04 160 30.98 145 22.20 42 8.?8(40)
6 275 33.69 35 11.30 200 34.70 165 31.00 37.45 9.78(50)
8 290 38.66 42 16.69 220 39.30 166 34.95 35.3 10'59(60)
10 300 46.88 25 18.98 230 38.00 130 34.00

@ Values in Degrees,C values in kN/mz.

% Test not performed.
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Table 3.16. Effect of Stabitizers on Shear Strength

parameter of Secil (2months curing)

g S S S T e

145

180

192

Local{Ca(0OH),)

% of
$tabili- Cement CaCog L+imbirx
Zars
e c g c  p c ¢ o
. 70 6.45 70 6.43 70  6.43 7
?ib?: é * * * *x 58 10.38
:.t 150  16.73 46 6.8 52  11.31
b X x  ox x 90 14.04
i k 200 20.56 44 9.80 215  21.80
s 290 23.20 35 13.30 275 27.30

8 340 24.44 30 16.68 300 32.00

10 480 29.80 14 1B.40 314 31.50

s imi e mr  — ——— o — A i ima mma . i imm i e ko A el o oy T E . e e e e e e e e e o o o et bt el o k. B Uk PP YL P ik e g

¢ values in Degrees,

C values in KN/m2.

* Test not performed

1

6. Consolidation

Consolidation is believed to be the reciprocatl of

swelling (Sherif/44/), hence for the stabilized soil,

sampies with the same swelling pressure of SD.BKN/mQ.

wera consolidated to check how the stabilized soil

in Table 3.17.

45

deform under pressure. Summary of test result are given



Table 3.17 Summary of Consolidation test on stabilized

Soil
% of
Stabilizer Cement L imbux Local Calcium Sand
types Calcium Carbonate
Properties Hydroxida
Preconsaolidation
Load Pc(KN/m 78 69 52 22.5 14
Complession index
GG 0.039 0.197 0.180 0.196 0.265
Swalling index Cs 1.1x10™%4 3.27x10™3 o0.014 0.0196 0.104

Durability

Though the durability test is generally carried out
on so0i1l samples whose CBR values exceeds B0OX, however
the test was run on the stabilized soil in order to
evaluate the general performance of stabilized soils
under environmental conditions.

To achieve this sample of the stabilized soils were
compacted at optimum moisture content in a standard
mould and stored for 7 days. The specimens were then
submerged for 5 hours 1in tap water at room temperature.
Thereafter the specimens were removed and placed 1n an
oven where the temperature was maintained at 71°C for 42
hours. The specimens were later removed from the oven
and given 2 firm stokes all over with a wire hrush ana
weighed again. This process was repeated until all the
specimens had gone through 12 cycles of wetting and

drying. After this the samples were dried to a constant
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waight at 110° and weighed to determine the oven dried

weilahts.
The final results obtained from the above test are
in Tabie 3.18

TABLE 3.18 DURABILITY TEST IN STABTLIZED SOIL

Stablizar Wetaht lost at failura (X}

Tyne of each stabilizer percentace

2 4 6 10

Cement dissolved (50%) 45.66% 33x 29.26
during
ist cycle 2nd cycla 4th cycles 8 cycles 12 cycles

L imbux dissnlved failad after 37.93 40% 32.93
during .
1st cycle 1st saaking 5 cyclaes 4 cycles 5 cycles

]

Sand dissolved failed after failed after failed after failed after
during
ist cycla 1st soaking ist soaking 1st scaking 1st soaking

Caco® dissolved failed after failed after failed after failed after
durina
2nd cycle 1st soaking 2nd soaking 2nd scaking 2nd soaking

Local 1ime dissolved failed after failed after 42.9 37.8
during
1st ¢cycle 1st saaking 2nd soaking 3 cylas 3 cycle -
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Chapter 4

Analysis and Discussion

4.1 Soil Sample i

The result of preliminary tests carried out on tha
Black Cotton So0il samples conform with the general
physical praoperties of Black Cotton Soils specified by
Morin /30/ {(Table 3.1). The result of test carried ogut
on the sails strength and consolidation properties also
conforms with results/29,43/ obtained on Black Cotton

|

The results of the test show that the soil has a

Soil +in other parts of the World. {
|

high clay content of 64% and a high activity /46/ of
0.60. This soil can be classified as having high
swalling potential according to Seed, Wood ward and
Lundgren /f42/. ! | .

Tha plasticity index 1is also an indication of its

high swelling potantial. Using tha PVC meter rating
for a p1asticitj index of 38.11 and swelling index of
12?KN!m2, the s0ils potential volume change (PVC)
categories are 6.22 and 7.45 respectively. The two PVC

categoreis indicate that the swelling pressure that
will be exerted on any structure on the soil is critical
/97 | ;

Tha high swalling pcotantial that the scil exhibits
is as a result of it low permeability of 6.13x10"8
cm/sec. This valua 1indicates that the soil has high
water retention capacity and hence high swelling
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capacity. The permeability of the soil governs the
drainage and other problems associated with Black cotton
soils.

The reduction in the soil shear strength properties
when wet (Tables A8 and A9, appendix A) is also an
indication that the major problem of this soils i1s its
moisture content.

Analysis of the oedometer test results (fig 3.6)
gives a compression indax (C.) of 0.43 Skempton’'s
relationship C. = 0.007 (LL-10) gives a Cc of 0.37,
showing that Skepton’s curve 1s a good approximation
of the compressibility of a soil clese to the liquid

Timit.

4.2 Stabilized Soil

4.2.1 Consistency Limits

Figure 4.1- 4.5 show the effects of the stabilizer
on the Consistency limits. For an 1increase 1in cement
and limbux content from 0 to 10%, decreases of liquid
Timits from 62.3% to 48.6 and 45.5% respectively were
Observed (Fig. 4.1). The plasticity 1index also decrease
from 38.11% to 158% (Fig 4.3),

The liquid limit of the calcium carbonate stabilized
increases up to 69.6% at 6% percent and then decreases
to 57% at 10%(Fig 4.1). A similar effect is noticed in
the liquid 1imit and plasticity index of the local

calcium hydroxide which also exhibits an increase in
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lTiquid 1imit up to 64.75% and plasticity index 40.5 at

2% and decreases to 61% and 33.4% respectively(fig

4.1,4.3). On the other hand the Tiquid l1imit of the sand

stabilized soils decrease to 46.7% while its plasticity
index decrease to 14% for an 1increase 1in sand content

from 0 to 60% (fig. 4.5).

The possible explanation for the complex behaviour
of the liquid limits is as follows. As a result of the
addition of the stabilizing agents, flocculation and
aggregation of the clay particles and hydration 1in the
case of cement occurs. This 18 accompanied by the
reduction 1in surface area of clay and an 1increase 1in
strength. The immediate increase 1in strength 1s as a
result of two phenomena: the physico-chemical reaction
which causes a reduction in the repulsive forces; and
also the increase in effective grain-size due to
agglomeration of the clay particles. The agglomeration
turns a clayey soil to a silty soil and this by itself
will decrease the liquid l1imit of the soil because of
the lower surface area.

The second reaction is due to the definition of
liquid limits itself. By definition the liquid limit of
a soil is the water content at which a soil exhibits a
dynamic shear strength. 1If the so01l1 exists at it’s
Tiquid l1imit and system changes are made such that
repulsive forces are decreased (i.e. by 1increasing
calcuim concentration), its strength gain to a specific

values such that more water will be required to bring
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%

the s0i1l1 to it’'s dynamic shear strength. This then
tends to increases the liquid limit of the soil-l1ime, or
soil-cement mixture /36/. 1 | i3
{ Since the two effects on the ligquid JTimits oppose
each other, the final result will be the sum of the two
effacts. It is than possible for the liquid 1imit to
decrease or increase depending on the predominant
reactian. 5 F i_

In the cement and 1imbux stabilized so0ils, thel
predominant reaction are hydration and aggregate
flocculation respectively of clay at the initial stage
while the second reaction 1i1s initially praedominant in
tha calcium carbonate and local lime stabilised soil.
The flat portion of the curvas {(fig 4.2,4.3) is an

indication that the reactions balance each othar.

B. Compaction Characteristics

i Maximum Dry Density

The variation in maximum dry densities of the
stabilized s0ils are illustrated in figure 4.6 and 4.7.
Faor 0% to 10% addition of cement (fig 4.6), the maximum
dry density decreases from 1.71 to 1.55 kN/m3 whila for
limbux addition, the maximum dry density decreased to
1.5?kN/m3 at 6.2% (fig 4.6) and begins to flatten out.

The curves for the calcium carbonate and local lime

stabilized soils are identical (fig 4.6). The dry
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densities at the inital stage increased up to 1.73kN/m3
at. 4% for calcium carbonate while that of local lTime
increased upto 1.?2kN/m3 at 2%. The curves latter
decreased to 1.59kN/m® and 1.57 kN/m3 at 6% repectively.
They finally flatten out as in the case of 1imbux
stabilized soils.

The 1inital increase in the dry densities of the
local hydrated lime stabilised soil might be due to some
of the calcuim oxide in the local lime which could have
combined with carbondioxide from the atmosphere to form
calcium carhonate. This 1s possibly the reason why the
percentage of calcium oxide in the laocal lTime is low.

The flattening out of the curves at the end
indicates that for the lime {(calium carbonate, 1imbux
and local) stabilized socils, a stage 1i1s reached in the
addition of the stabilizing agent when no further gain
in strength 1s experienced. While the continous drop
in the maximum dry density of the cement stabilized soil
{(Fig 4.6) shows that for an increase 1in cement content
in the so0i1l, there will always ba an 1increase 1n the
strength of the stabilized soil.

However, the increase in maximum dry density of sand

stabilized s0oil does not indicate a decrease 1in

strength. This might rather be because an increase 1in
sand content 1is accompanied by a decrease 1in cohasion.
The flattening (Fig 4.7) of the dry density curve for
sand at the initial stage (upto 10% of sand) 1is because

the clays initially fills up the voids in the sanu.
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Hence there 1s no increase in dry density. However with
further 1ncrease 1n sand content, an appreciable

increase in clays density is noticed.

Optimum Moisture Content

Figure 4.8 and 4.9 show the effects of the
stabilizers on the soils optimum moisture contents. The
patern for the optimum moisture content of the sand
stabilized s01l1 1i1s similar to a compaction curve. The
optimum moisture content increases and reaches a maximum
value of 19.35% at 25% sand content and decreases to
15.75% at 60% (fig.4.9) The maximum of this curve 1is an
indication of the amount of sand to be added to the soil
to achieve maximum strength.

The continuos increase in optimum moisture content
of the cement stabilized soil with 1increase 1in
stabilizer content up to 10% (figure 4.8) is a result
of tha effect of additional water required for hydration
of cement.. In the case of lime, extra water 1i1s required
for the pozzolanic reactions to take place, hence the
increase in optimum moisture content..

However, the cation exchange, flocculation and
agglomeration of clay leads to a reduction in plasticity
index. This causes a reduction in the clay surface area
and hence a decrease in optimum moisture content.

The opposing effects of the pozzolanic reaction

and those of the cation exchange are responsible for the
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flattaning of the curves (betwesen 8 and 10%) of 1imbux
and the reduction 1in the rate of tincreasa of Time with
percentage of stabilizer for calcium carbonate and local

: jime stahilised sail. : f :
X S
Parmaability f [ _ 1
.'T | Figure 4.10 and 4.11 itllustrate the improvemant in
. LefmeabiTity of btack cotton scil with the different
stabilizers. A1l the stabilizers 1improved the
permaabitlity of the Black cotton s611, although the rate
at which thaese improvements occurs are different. li
?ké'?lf Limbux exhibits the greatest improvement in
permeability. In all the stahilized so0il with the
exception of cemeant stabilised soil, thera was not much
improvaement 1n permeability during the initial
introduction of the stabilizers. This might be due to
the fact that the quantity introducad were not
sufficient for any meaningful reaction as well as
fiocculation, and agglomeration (which increase the
b
bermeab11ity of Black cotton so0il) to occur. However,
the initial addition of sand in the Black cotton soils
did not improve the permeability because the clay
particles filled the voids in the sand, but further
increase in the quantity of sand added showed an
appreciable improvement in the permeability (fig 4.11).
Cement gave the least improvemant in
parmeability (Fig 4.10) and the curve 1is slightly
different from the others. Generally, with hydration of

|
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i
cemant, the products of hydration fi11 the wvoids that

are created as a result of flocculation of clay. With
an increase in cement content, the products of hydration
also increases while the rate at which tha permeability
of the s50i1 1is improved hecomes reduced. Hance with
larger guantities of cement and longar period of curing
the improvement in permeability decreases or remains

constant. ' ' ? } ' é |

b - [ ]
Swelling properties , ) ; _lf

o
{_; The curves (Fig 4.12, 4.13}) for the effects of

étabilizers on the swelling properties have the same
shapes although the rates of decrease in swelling indax
with increase in the stabilizer content are different.
Limbux has the maximum effédct on the Black cotton clay.
With about 7% of T1imbux the swelling pressure can bhe
reduced to almost zero (figure 4.12). Howaver 11.5% of
cement is requirad to have this same effect.

Qrﬂ P Sand had some effect on the soi1lsw311{ng
properties of black cotton s0i1l. To achieve a similar
effect as in the case of limbux and cement; by extending
the curves, it can be infered that about 70% sand will
be required, while for local lime and calcium carbonate

[
16.5% and 16.4% will be required respactivaly.
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Fig. 4.14A Swelling curves for 4% Timbux (A)
and Fig. 4.14b 6% Cement (B) Stabilized Soil

During the test two different shapes of swelling
curved were obtained (figure 4.14A and B). The shapes
for the swelling curve for sand and calcium carbonate
(upto 10% addition) were similar to curve B (Fig4.14B).
some of the curves for local lime, 1imbux and cemeant
stabilized soils are similar curve A (Fig 4.14A) while
the others are similar to curve B (Fig 4.148).

The shapes in fig. 4.14A was notice from 2%, 1% and
10% by weight of the black cotton soil for cemaent,
limbux and local calcium hydroxide respctively.

The shape of curve A is such that the swelling
pressure reaches a maximum and then there is a release
of pressure. The release of pressure is a result of the
chemical reaction that takes place within the soil.

When the stabilized soil is mixed with water, two

sets of reactions take place. The Black cotton soil
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baegins to swell, while the chemical start to react.. The
reaction of the chemical (exchange of cations) within
the soils is such that it prevents swelling. Since the
two reaction have opposing effects, the shape of the
curve rises or fall depending on which reaction s
predominant.. The flat portion of the curves 1indicate
that both reaction balance each other and this gives the
actual swelling pressure that the stablized soil
exhibits. This view was comfirmed when 4% lime and 6%
cement. stabilized soils where tested after 24 hours
storage. The swelling pressure was only slightly higher
{(appendix F, table F. 6} than those obtained when soil
was in initially tested. However, there wasn’'t any
release of pressure for the 24 hours stored soil.

From the experimental results (appendix F) it
can be noticed that the release of pressure occurs
within the first 48 hours after the test started. It
was also noticed that the release of pressure in the
case of limbux are sharper and occur earlier than
those of cement and local lime. This shows that the
cations exchange occurs more 1n the case of 1imbux
than of cement cement on the local lime.

The release of pressure was not notice up to
10% in the case of calcium carbonate because the calcium
cations in the carbonate can not easily replace the
cations 1in Black cotton soils. This implies that the

rate of echange of cations 1is slower, hence the release
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of pressure occurs only after a longer period of test or

higher percentage of stabilizer content.

Shear Strength Properties

The addition of stabilizer increased the strength
properties of the Black cotton so0ils with cement
exhibiting the maximum strength improvements (figure
4.15, 4.16) and sand the least (figure 4.19 and 4.20).

Figqures 4.17, 4.18, show that curing enhances
the strength properties of the stabilized soil. The
effect of curing was more pronounced in the case of
cement stabilized Black cotton soils. The improvemant
in strength of 1lime stabilized soil with curing 1is a
result of the i1mprovement in the cohesive properties of
the soil. This confirms Forspery’s /10/ view that
although the 1initial strength improvement of 1lime-clay
is as a result of improvement 1n true angle of 1internal
friction, long time effect is as a result of improvement
in true cohensive.

The reduction in the i1nitial values of the
cohesive properties for the samples curred for 67 days
(figure 4.17) as compared those cured for 7 days might
have been as a result of the leaching of l1ime. During
the 67 daygcuring (wetting of soi1l sample 1n the
dessicator), white residue werae noticed in the bottom of

the dessicator. The white residue was suspected to be
lime that must have leached through the soi1l as

result of the solubility of the lTime 1n water.
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Consequently there 18 a reduction in the quantity of
Time required for further reaction with the Black cotton
soil. This tendency was minimized in the case of clay-
Time (local) and clay-calcium carbonate, because of the
insolubility of the calcium carbonate in water.

The reduction in angle of 1nternal friction of the
soaked samples (Tigure 4.16) 1s as a result of the
presence of water. The reduction i1s not apparent 1in
cement stabilized so1l while 1t 1s very pronounced 1in
lime (calcium carbonate, local 1Time and 1imbux). This
shows that in the presence of water, the lime stabilized
black cotton so1l stil1l loses some sample amount of
strength.

The reduction of the rate of strength (cohasion
and angle of intarnal frictien) increases (fig 4.17) for
the lime, (calcium carbonate, limbux local calcium
hydroxide) stabilized soils after the initial increases
in strength, indicates that at a point there is no
further gain 1n strength with increase in lime content.
This property is typical of 1ime stabilized soils
(Ingles /10/).

Calcium carbonate on the other hand reduces the
cohesive properties of the soi1ls and increases their
angle of 1internal friction. The reduction in cohesion
of the stabilized soils is similar to the effect of sand
on the the Black-cotton soil (fig 4.19). This 1is not
surprising since calcium carbonate 1s always used as

fertilizer and an increase in cohesion will mean the

18
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sail will be more difficult to plough. J

The low gain in strength in the case of local 1imae
as comparad with the imported one is as a result of the
low calcium oxide percentaée in the lTime. The
impurities (in the form of insoluble residuas whase
value is high in the lime) will normally retard the

reaction of the clay-lime and hence a reduction in

strength.

consalidation

, The consolidation of clay/Sand mixture 1is very
sﬁﬁiular to that of the clay (fig 4.21). This shows
that settlement tendencies of sand stabilizer clay are

vary high even for a swelling pressure of 30.3 kN/mS.

It is obvious that blending of sand with the Black
cotton soil cannot be applicable to building Lxcept in
cases whare the thicknaess of the clay strata ara not
considarable and the clay strata s under lained by a
hard rock. k

It might even be more advantageous to carry out an
entire soil replacement process than embark on sand
stabilization in this casa. This 1is because ;ore work
will be reqiured to dig out the clay and mix it with
sand than carrying out an ordinary so0il replacement
procedure. | J

The consilidation pattern of 1ime (local,

limbux and calcium carbonate) and cement are quite
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similar (figure 4.21 - 4.25) As expected, the
consolidation and settlement of soil-cement or soil-1ime
causes a preconsolidation effect, the apparent
preconsolidation load (Table 3.17) is expected to
increase with stabilizer content. A slightly unstable
structure 1s indicated in the compression i1ndex Ce
[(table 3.17) expecially in the case of cement
stabilized soil with C_. = 0.039]. Once the
preconsolidation load 1s exceeded, the compressive
tendencies are longer for the stahilized material than
for the unstabilized soil. This tendency is expected to

increase with stabilizer content and curing time.

Durability
This requirement determines the overall performance
of the stabilized sois. From table 3.18, it can be
noticed that only 10% stabilizeﬁ cement. survived the 12
cycles of wetting drying although with a weight lost of
29.26%. This value is more than the expected 10%
maximum lost (0Ola, 1983).
The sand stabilized soi1l is the least durable
followed by calcium carbonate stabilized soils. This is
obviously a result of the lost in cohesiion with the

introduction of calcium carbonate 1nto the Black cotton

soil. Sand stablized Black cotton soil does not have
any proper (chemical) binding consequently the lose 1in
durability.

Although lime stabilized clay have low swelling
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potential, they are not as durable as cement stabilized
soils. Tt will therefore be more advantageous to use
some percentage of cement when stabilizina black cottaon
s0i1) s as to improve the durahility.

Tt was ohserved that the triaxial samples tested
aftar 67 davs ware able to survive 7 days soakinag after
60 davs curing. Theraefore the stabilised soil are
subiected to lonager curinag period on site, the
durability will bhe hiagher than those estimated in the

labarataory.
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CHAPTER 5

Recommendation and Conclusion

This project has served to iltustirate that stabilized
Black Cotton Soils can be analysed in terms of generally
accepted concepts as regards to permeability, swelling,
shear strength, consolidation and durability. | i'

For effective stabilization, a clear knowledga
and understanding of these fundamental properties is
very ‘impartant. From the analysis in the previous
chaptaer, the following deductions can be made with
respect to the use of any of the stabilizers used for

this thesis.

5.1 Cement Stabilization

Cement stabilizaed black cotton sail are most
effective in situations where strangth requirements are
high, since the gain in strength with cement i1s highar
than those of the other stabiltzers menticned in this

project. . !
t;ﬂ;; When cement is added to the black cotton Soil the
| hydration properties of cement lower the workability aof
clay—-ceament hence when cament is to be used some
quantity of lime or sand can be used to medify the clay.
Eﬁ?'i- Since cement can be obtained readily from almost any

I's

part. of the country, the increase in cost resulting from
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transportation of this stabilizing agent can be
eliminated. Thus 1t might be cheaper to use cement 1in

the long run. | ;

h.2 Limhux Stabilization

i' Although Time is always used in subgrade

'treatment, the 1increase in strength generally is lTower

when combined with cement. Furthermore l1ime treated
black cotton soil are not as durablie as those treated

!
with cement. : i

- i

} The major advantage of using lima as a sfabi]izing
agent in Black cotton s0ils is connected with the
improvement of the swelling properties of the soil which
are more favourable than the other stabilizers used for
this research. However the leaching of lime is to be
considered when deciding on the type of stabilizer to he
used. : f i

; Therefaore when 1ime is to be useaed for stabilization,
some amount of cement should be added to improve the
soils strength and durability.

|

£.2 Stabilization with local calcium hydroxide

%j f Tha differences in the effects of the local lime and

limbux show that the quality of the stabiltizing agant is
vary important. There 1is a general reduction in the
improvement of the properties of the Rlack cotton soil

when the quality of the stabilizer 1is low. Thus test
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must he carried out at different interval during

i”construction to check the guality of the stabilizer in

Eiﬁsg,lso as to avoid error that may be involved in
overestimating the stabilizers performance.

;“¥ ] ' In Nigeria there is a leot of advantage to be
derived from using the locally available Time since they
cost about half the price of the imparted 1lime. The

: local 1ime used in this research was obtained from an

itageﬁ market, where the chance of the 1ime been

adultrated is high. It sheould be noted, that high

Igpantity lime deposits are availabla in the county. For

] ®
]

g}ihstance 86% calcium oxide 1ime deposit can ba found &t
i

LTS Ttowmar I

Nkalagu in Anambra State. This calcium oxide percentage
is even higher than that of l1imbux and its affects on
the clay is expected to be higher,

'fﬁ@ I

.4 Stabilization with calcium carbonate |

Bl

?g I- Since calcium carbonate reduces the cohesion of

JERP

black cotton soil, it will be very advantageous to use
it as a modifyer. This will improve the soils
warkability expecially during the dry season when the
801l cakes-up. This also implies that lime that have
gone flat (1.e combined with carbon-dioxide in the
atmosphere to form calcium Carbaonate) 1is not entirely
useless. They can be used to modify the soil before
cement is added to improve the other properties of the

black cotton soil.

RN |
|
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5.6 Stabilization with Sand :

The advantage in using sand for stabilization
greatly depends on the location of the Black cotton
s0il as well as the sand deposit since large guantities
of the stabilizer are required. i

The location of the Black Cotton Soil for this

thesis is near the banks of River Benue. Wall graded
sand and natural granite (from rocks) are readily
;vai1ab1e in this reagion. Henca a reduction in the
price of sand and its haulage to the site consequently

results in a reduction of construction cost. !

Sand stabilization can also bhe combined with

compaction and moisture content control. This can be
used to further reduce the swelling propefies of the
sail. This type of control in compaction might not be
pnossible with chemically stabilized soils since lass
water is always required to achieve lawer dansity and
mare water {(above optimical moisture content) is always
needed for the chemical reaction in the Chemical-soi}l
mixﬁure. . : N

wWhen sand is used for stabilizatien 1-2%¥ cement can

be added to improve the strength and durability of the
stabilized socil. This will reduce the wearing affects

of running water. i

5.7 Conclusion

Finally it is interesting to note that none of the

j

- t

90 | |
!

|



stabhilizing agents used 1n this research could
satisfactorily and economically altere all the
properties of the Black cotton soil alone. Hence the
decision as regards which stabilizer combination are
most suitable faor improving black cotton soils should be

considered in connection with paragraphs 5.1-5,6.
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