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ABSTRACT

This thesis deals with the study of the relative
ef fectiveness of common stabilizers i.e. cenment and
lime and a by-product of our Steel Rolling MIIs i.e.
billet-scales on a natural lateritic soil from the
site of Ahrradu Bello University Zaria still under
construction. It involves the determ nation of
liquid limt, plastic limt, grading analysis, naxinmm
dry density and CBR val ues. A tabular and graphi cal
representations were nade. From the results of the
anal ysis some concl usions and recomrendati ons were
made, which enhance the overall understanding of the
physi cal and engi neering behaviour of the group of

soil as a highway nmaterials.

It was found out that, with 2% of linme, 2% cenent
and 2% billet-scales the A-2-4 subgroup of soil can be

upgraded to a fill material. Again with 4% |ine,

2% cement and 6% billet-scales the lateritic soil
will neet the CBR requirenent as a sub-base material.
But only 4% of cenent is required to effectively
stabilize the A-2-4 sub-group of soil as a base
material. And that lime is not an effective neans
of stabilizing silty-sand and billet-scal es cannot

be comented as a base material with certainty until
hi gher percentages and/or conpactive efforts are

t est ed.
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some countries or some are very uneconcmical to

produce for lcocal construction purposes,

The problem calls for urgent research by each
developing country in order to use stabilizers that
are required in small quantities or even local waste
materials (e.g. Rice Husk Ash) as additives to very
abundant material (lateritic soils). Such investiga-
tions will help in appreciating the utilisation of
lateritic soils in highway construction work, while at
the sametime help in improving the environmental con-
ditioﬁs of deveioping countries as it is the case of the
use of local waste materials that could otherwise

have been hazardouvs to health

1.2 NEED FOR RESEARCH

The economic activity of developing countries is
to a great extent dependent on an efficient and depen-
dable transport system. Also the development of modes
of transport (i.e. rail, water and air transport) is
considerably inhibited by financial rescurces and topo-

graphical limitations. A well developed network of
roads, it must be noted contributes to a very rapid

expansion of vehicles for the movement of persons and

agricultural products. Hence an adequate rcad network

system becomes of prime importance.

The construction of roads normally covers very large



areas and spans long distances and inevitably cuts
across infinite types of soils (which depend on the
mineral composition of the solid particles). Therefore
for a road to be constructed, large quantity of suitable
civil engineering materials is required for the pave-
ment construction or as a fill. But in most cases the
required soil type might not be readily available near
the proposed site, which results in locating borrow pits
with large haulage distances and hence heavy transport
costs. Alternatively, the problem may be solved by
overlooking all other factors that are supposed toc be
éonsidered when locating a rcute, but concentrating on
soil types, which, may inevitably lead to selecting
sites that offer suitable construction materials in

abundance,

In all instances, nonetheless, a highway Engineer
is continually faced with the problem of increasing
the strength and stability of a natural soil in order
to improve its load bearing properties. Hence the

need for soil stabilization.

The basic ways to improve soil strength and

stability are:

(i) the development of maximum practical strength

by compaction.
(ii) to maintain and improve the soil strength even

when soaked by water.



Broadly speaking, stabilization can be classified

into mechanical stabilization and stabilization by

the addition of stabilizers. Hcwever, mechanical sta-
bilization using suitable materials can prcduce fills
and bases of adequate strength initially, but the
ingress of moisture often causes softening and weak-
ening of the fill, base and sub-base, particularly,

if excess plastic fines are present.

There is also likely to be variations in the
grading and nature of soil along the right - of - way
or borrow pits. These factors @éke uniform mechanical
stabilization and compéction difficult to achieve.
Again thin bituminous surfacings cannot be considered
impermeable and.thefefore some ingress of water from
the surface is to be expected which together with the
inevitable wetting up from verges and also the rise
in the level of water table will lead to subsequent
weakening of the pavement structure. For these
reasons, it is desirable to put into the fill, base
and sub-base materials an additive that will to all
intents and purposes coveride mincr variations in the
soil and ensure that strength is maintained even in

the presence of moisure.

Different types of stabilizers are currently in
use all over the world, depending on the availability,

such stabilizers include cement, lime, bitumen,



pulverised fuel ash, rice husk ash, some chemicals
and more recently a study on possibility of using
an industrial by ~product billet scales is being
undertaken. Therefore further research in the use
of billet-scales as stabilizing agent will help in
utmost utilization of the waste product, which will
otherwise have to be transported to scme cdesignated

disposal points. Hence the need for this research,

1.3 OBJECTIVE OF THE THESIS

The objectives of this thesis include the

following:

1. To investigate the influence of each of cement,
lime and billet scales as stabilizing
agents on the Atterberg Limits, compaction
gharacteristics and values of California bearing

ratio of a selected soil sample.

2. To investigate the effect of 24 hour soaking
on the performance of each soil-stabilizer

mixture.

3. To investigate the possibility of using billet
scales (a by - product) in particular, as a
stabilizer for pavement construction and how it
compares with the more conventional stabilizers

in terms of strength improvement.



4. To assess the extent to which various percentages
of the additives, within economical ranges,
improve the characteristics of the chosen soil
tovards meeting the specifications for fill,

sub-base and base materials respectively.

The knowledge of practical usefulness of billet-
scales and " lime as an alternative to cement
stabilization in both highway work and other civil
engineering works, such as the construction of air-
fields, earthdams, lowcost houses etc, will be of

great importance to the construction industry.

1.4 DESCRIPTION OF THE BASIC SOIL SAMPLE

A lateritic scil sample was collected from the
site of Ahmadu Bello University Teaching Hospital
still under construction at Shika, Kaduna State of
Nigeria. It was a disturbed sample obtained at a
depth of 1.5m below the ground surface in order to
avoid vegetable matter. This area was considered
because workdone by COyegunle 1987 én samples
from the site, indicated the soil to be unsuitable
in its natural form for use as sub-base and base

materials.

1.5 METHODOLOGY

The basic soil sample was taken to the laboratory



and was subjecéédﬁfo véfious.fesfé £o.aétegﬁine
‘its physical and engineering properties. These
laboratory tests were performed in accordance with
British Standards. Results of the initial tests
on_the sample are summarized in table 1:1, These
”results confirmed that the scil was unsuitable for
any of fil1l, sub-base and base materials on account

of its strength measured in terms of scaked CBR.

From the testlresults, the soll was conflirmed
Ias being lateritié and classgified. Further labora-
tory work consisted-ofladding different percentages
‘of the $ele;téd stabilizers to the natural lateritic
s0il and thoroughly -miwed. IR .‘
: - \
The tests listed below were then carried out:
4. Liquid 1imit | B -
2. Plastic limit
3. Compaction

4. Both soaked and unsoaked CBR. ..

The percentages of the stabilizers used were 2,

4, 6, 8 and 10. Also soil-stabilized sampiés for
California bearing ratic test were compacted az
optimum meoisture content using the British Standard
Method of compaction and the scaking was for 24 gour

scaking.



TABLE 1-1

PRELIMINARY TESTS RESULTS ON THE BASIC SOIL SAMPLE AND THE

RECOMMENDED VALUES FROM THE SPECIFICATICN

Test carried out Result Specification
subgrade sub-=base Base
Initial moisture content

content 7.33% - - -
- Specific gravity 2.64 <3 £3 £ 3
Liguid 1limit 28.40% =40 30 < 30

Plastic limit 20.69% - - -
Plasticity Index 7.51% <10 £ 12 <12

Cptimum moisture

content 16.50% b - —

Maximum dry density ‘Jl'i'.O‘S’!KN/m3 —_— -_ —
CBR (unsoaked} 14.94% = 10% =2 30 ~ 80%
CBR (socaked) 4.63% _),-‘10% 25-55% > 75%
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highways, airfields, parking lots and similar
facilities. For the purpose of building construction
stabilization is a technique whereby natural soil
is improved to serve as structural members in low-
cost housing construction. Evidently, soil stabi-
lization means different things in different
circumstances.

The Chairman of the‘American Highway

Reseafch Board iﬁ 1938, (Ashworth, 1966 ) defined
Soil Stabilization as: ' :
"A stabilized fill, subgrade, road surface or

road base is one that will stay put”,
From whatever point one views stabilization
its intended objectives are; firstly to comfer
stability on materials which are.inhe:ently unstable
and secondly to preserve the stability of the
inherently stable materials. In practice, this

amounts to the water proofing of cohesive soils.

The rapid growth in rcad traffic, which is as
a result of financial and topographical limitations
which inhibits the development of other modes of
transportation, i.e. rail, water and air transport
has produced a demand for more bitumen-surfaced
roads all over Africa. The construction of roads
normally covers large areas and spans long distances
and hence cuts across infinite types of soils,

thereby creating difficulties in meeting the material
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requirements for road construction. In most cases,
the required soil type might not be readily avai=-
lable near the proposed site and this results in a
far located borrow. pits requiring large haulage
distance and hence heavy transport costs. There-
fore, the need cf utilizing cheap local materials
encountered near the proposed site cannot be

overemphasised hence the advent of scil stabiliza-

tion.
SASHm
ALt :ff [ gy
2.2 TYPES OF SOIL STABILIZATION ' ‘“'Gbqu(' U“‘Wt‘:g;
' Y

In practice, the methods by which scils may
be stabilized for highway purposes can be divided
into the several broad groups which are discussed

in the subsequent sub-sections.

2.2=-1 Mechanical Stabilizaticn

Basically this form of stabilization involves
compaction and it is by far the most widely used
method of stabilization. It relies, on the inherent
properties of the soil material. If a soil cannot
be made stable by compaction, then additional scils
or other aggregate materials may be admixed to

produce a mixture havino the required stability

s

property of the scil) which is of importance is the shear

strength of the soil, which is derived from both the
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cohesion and the internal friction characteristics
of the material. Cohesion is a property associateg
mainly with the clay fraction of the soil, which
in-turn depends on the plasticity index. Internal
friction is basically a characterisitic of sands
and gravels. However,a combination of these two

properties can be found in a suitably graded material.

The addition of particle sizes which are lacking
in a poorly graded materiai produces a better graded
material, which is inherently stronger and more
stable than the natural soil. Good interlocking is
cbtained when tﬁe particles are angular with rough
surfaces. The particles size distribution of a
mechanically stable soil will approximate to the
grading curve develcoped by Fuller (Ashworth, 1566). who
showed that a granular mass has a relatively high
dry-density when its particle size follows the

relationship represented by equation 2.1.

P = 100(%)% R 2.1

where
P = percentage passing any sieve
d = the aperture size of that sieve

D = the size of the largest particle.
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However, in practice it is not necessary tc use
such carefully ceontrolled distribution of particle
sizes and normally a reasonably wide range of grading is

used.

Mechanical stabilizaticn using suitable material
can be adequate for fills, bases and sub-bases of
suitable strength initially, but the ingress of
moisture often causes softening and weakening of the
pavement. In particular, if excess plastic fines
are present, there are also likely to be much Varia-
tions in the grading and nature of soil along the
line of road or at borrow pits. Again, thin kitumi-
nous surfacings cannot be considered to be imperme-
able and therefore some ingress of water from the
surface is to be expected, which together with the
inevitable wetting up from verges will lead to sub-
sequent weakening of the pavement structure, hence
leading to functional and/or structural failuress
hence the main drawback of mechanical stabilization
But its main popularity is based on the fact that
it makes possible the optimum usage of locally
available materials in highway, embankment, sub-

bases, raead bases and surface courses,

2.2-2 Stabilization by the Use of Additives

One other form of soil stabilization is the

improvement of natural materials by the addition
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of a small proportion, usually less than 10 percent
of a stabilizing agent. This will, to all intents
and purposes overide some minor variations in the
soil and ensure that strength is mainteined even

in the presence of moisture.

In most cases, the presence of moisture hardens
the soil-stabilizer mixture, hence stability is

preserved. 1In general the improvements which can
result from stabilization using additives include
the following’ Toole, 1987.
(i) increase in strength
(ii) increased resistance to the effect of
water.
(iii) drying of wet soils
(iv) volumetric stability
(v) improved workability

(vi) improved durability.

The basic requirements for successful stabili-

zation are:

1. The cost of stabilized fill, sub-base or base
should compare favourably with other available

forms of construction.

2. The stabilized soil must be amenable to pulver-
ization, mixing and compaction under field
conditions.

3. The stabilized material must be of adequate
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strength and it should retain this strength

in the presence of water.

The types of additives, which have been used for

soil stabilization are:

1. Cement
2. Lime

3. Bituminous materials

4. Chemicals, other than cement and lime.

2.2-2.1 Stabilization with Cememt

Cement has been successfully used to stabilize
a wide range of natural gravels and scils and are
ushally applied in powder form. Cement has been
found to stabilize virtually all soils that are
practical to process, provided they are free from
contadination by organic matter. However, best
results are usually obtained with materials which
contain a proportion of fines or clay materials.
The increase in strength in cement stabilization
is as a result of the reaction between soil and
cement. When cement grains come into contact with
water, they begin to dissolve and form a solution
of calcuim hydroxide. 1In this calcium hydroxide,
hydrated calcium silicates and calcium aluminate
begin to precipitate. This compound forms masses

both with each other and with other sorrounding
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bodies. It is this fiber interlocking that enhances
the early strength attainment in concrete. The
calcium hydroxide (hydrated lime solution) is

highly caustic, hence reacts with the soil particles,
the attack being more active if a large surface is
presanted., The calcium ions attract the clay
particles together tending to form aggregations.

The lime also reacts relatively slowly to form
further cementitious products by pozzclanic action.

The resultant effect .of the above three reactions

is to produce hardening in a suitable soil to which

cement has been added.

Active orgénic matter prevents the cement from
hydrating, however Road Research Technical Paper
No. 64, has prescribed PH test for detefmining
whether a soil is suitable for stabilization or not.
It involves determining the PH of a 10:1 soil:
cement paste after one hour. It is when the PH is
below 12.1 that the soil is unsuitable for stabili-
zation. Also Road Research Laboratory has shown
that when the weight of organic material exceeds
approximately 2% of the soil, up to 10 percent of
cement will fail to enhance the strength of the

stabilised soil to acceptable level.

For assessing the strength of soil stabilized

with cement or other stabilizers, most countries



authorities use the california bearing ratic (CER) as
well as unconfined -compression strength (UCS) test
but some Use CBR test. The minimum ‘acceptable
CBR.» - ¢" value using B.S. compaction methed for
hfééébilized bases should be'équal to or gfeater than
 B0%. Whilst the minimum unconfined compression
strength (UCs) is 1.72 Mpa {2501b/in2} after 28
days curing and the liguid limit and plastic should

be less than 45% and 20% respectively.

A 5roper]y designed cement sfabiiized soil will

not soften in the presence of water and will with-
- stand detrimental forces resulting from frost

:':action. However, the causes of failures of cement

- stabkilized bases can be due to:

1. The use of inappropriate strength criteria

coupled, perhaps, with an unwise cholce of the

material being stabilized.:;?jfifﬂr \‘
.2f. Cracking, may be a consequence of the shrinkage
| be hardened materials or it could be traffic
induced.
(i) Shrinkage cracking: The main cause of this
. form of cracking is drying shrinkage and T
factors which influence this include scil
type, compactive effeort, mecisture content,
rate of drying and cement content. The

shrinkage cracking manifests itself by the



(ii)
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appearance of rectangular cracks on the surface
of the cemented layer. The cracking is induced
when the shrinkage stresses exceed the tensile

strength of the layer. This form of cracking

can be controlled, but not completely eliminated

by limiting moisture loss, reducing the compa-
tion energy, by delaying the application cof

surface layers until shrinkage has occurred,

Traffic - Induced cracking: This type of
cracking occurs through overstressing or fatique
and also due to inadequate construction thick-
ness in relation to the traffic and subgrade
strength., Cemented materials are semi-brittle
and if they are.inaéequately supported they

fail. Cracking of this kind can be designed for
by increasing the pavement thickness and ensuring
correct balance in the strength and positioning

of layer.

2.2-2.2 Stabilization with Lime

Lime can be mixed with certain soils

to produce a stronger and more workable material.

It is a proven methcd of improving the capabilities

of clayey soils to serve as pavement materials

and it can ensure considerable improvement in

strength and stability in the presence of excess

moisture. Cement has a relatively rapid initial
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hardening effect that continues slowly with time,
but that of lime is slower. This is because there
is no initial action of the fibrous nature of
calcium hydrates and aluminates as in cement.

The only two reactions that take place with lime

are as enumerated below,

(i) An immediate ion exchange (modification) in
which the calcium ions are absorbed by the
clay, this is followed by flocculation into
groups of coarse friable particles. The
effect of this ion exchange is to increase
the plastic 1limit of the soil. It may also
decrease the liquid limit but the overall
effect is to reduce plasticity index and

increase the bearing capacity of the scil.

(ii) Chemical hardening; a relatively slow
process in which hydrated calcium silicates
and aluminates are formed and the hardening
continues for months. However, the hardening
is accelerated by high temperatures and is
partly the main reason that lime stabilisation
has been utilized in tropical climates. The
advantage of lime is that, the presence of
organic matter in small quantities is not
likely to affect the harden%ng as is the case

with cement-treated soils. However, if carbon
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content. Bitumen stabilization is generally
applicable to non-plastic soils, even thouch they
can be stabilized with cement, but with less
efficiency. But 'single size' sancds (Cd<3;where:

€, = coefficient of uniformity) present a special
problem because cf their inherent lack of internal
friction or ccochesion. For such materials, generally
a more satisfactory solution will be found by

stabilizing them with bitumen than with cement.

2.2-2.4 Chemical Stabilizatlion Other than Cement

and Lime

This is either a general term for all those
methods in which chemical reactions play a predo-
minant role and would cover soll-cement, scil-lime,
addition and condensation polymerisations (e.g.
aniline-furfural anc¢ calcium-acrylate). Consider-
able interest has been shown recently in the use
of chemicals for improving the strength of soil
and increasing the resistance to softening by
water. Among these chemicals are various resinous
compounds which waterproof the scil and calcium-
chloride which, because of its deliquescent nature
retains moisture in soil and so assists the compac-
tion of mechanically stabilized mate-ial in hot
climates. Some of these admixtures are normally
used by themselves, whilst other chemicals have

been as secondary additives to the more conventicnal



stabilizing materials e.g. pulverised fuel ash
(PFA} In conjuction with °~ Lime. These (. -
forms of stabilization involve high cost compared

with cement, lime and bitumen stabilization, but
the advantage is that they can effectively deal

with highly organic soils and heavy clay.

1

K .-.-,.‘1,-.'2'.3..1
"2+3 REVIEW OF RELATED WORKS

w

.. Laterite has featured for a very long time in
both building and highway works in Africa. The

term "laterite" was first used by Buchanam to
describe ferriginous, vesicular, unstratified and
porous materials with yellow ochres by its ircn
content occuring abundantly in Malabar in India;ﬁg-
- Anisur Rahman, 19586. - It was locally used for

bui lding and‘hénce the name 'laterite” from the
latin word ‘later® meaning brick. ~Much studies

have therefore been made to determine the 7

usefulness of lateritic soils in the construction -

industry. _ S
Commonly, the base course of a pavement consists

of gravel or crushed stone, In most of Africa and

the other develcoping rations, there is the shortage of
stone chippings or very expensive to be produced,
but an abundance of sand. Under these circumstances,
it is mcore economical to improve the properties of
the local sand or laterite than tc haul gravel or

crushed stone over large distances. Besldes its



abundant use, inlirest has been shown in the
material bécauéé o2f the frequently occurdng
functional and structural failures of local
pavement structure of our highways and airfields,
These réééons geherated more investigations by
different countries over the years leading to

the concept of soil stabilisation. Many detalled

reviews of avallable literature have been presented.

H Eﬁﬁs'et éi; 1971, preéented detailed review
of availlable literature and summarised, that
lime will react with most media, moderately fine
to fine-grained soils to decrease plasticity,
increase workability, reduce swell and increase
strength, They also reported, 4ihat.the soils
that are most reactive to lime include ciayey.
gravels, silty clays and clays. All soils
classified by AASHTO as A-5, A~6 and A-7 and
some solils classified ag A-2-6 and A-2=-7 are
most'readily susceptible to stabilization by

lime.

They alsc repoerted the research by Robnett
and Thompson M,R., 1970, which was based on expers
ience gained with Illincis secils, have in indicated

that lime may be an effective stabilizer with clay
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content, as low as 7 percent, Furthermbre, they
reported trat soils with the plasticity index as

low as B can be satisfactorily stabilized with lime
in certain instance, U.,S5, Armed Forces Criteria ?..
incdicated that the plasticity incex should be

greater than 12, while representatives of the
National Lime Association, indicated that a
plasticity index greater than 10 should be reasoﬁébie

lower limit to utilize.- ..;

In view of the suggested criteria, the authors
believe that the prlasticity index of the soil should
have a lower limit of 10 to ensure that a reasonable
degree of certainty will exist for successful -

stabilization with lime. ..o - -

The Portland Cemén£ Aéséciation, Mesida, 1978
indicated that all types of scils can pe”stabilized
with cement, However, well graded granﬁiéf matrix
have given the best result. Limits on plasticity
index have bgen established by the U.S. Armed
Forces déﬁggéiﬁghéamiﬁéISOil type. The plasticity
index should be less than 30 for sandy and gravelly
materials and less than 20 for the fine-grained -
spils. These limitations are necessary to ensure

proper mixing of the stabllizers with the soil,



" #he authors also reported information developed
by vglesby C. H., ana Hewes L. I. 193, which indicated
that cement should be used as a stabilizer for mater-
jals with less than 35 percent passing the No. 200
sieve and with plasticity index less than 20.
Howevér,.the authors have selected a maximum plas-
ticity index of 30 for those soils to be stabilized
with cement. ;g;“ '.; ;-;'5f&i";¥;ﬂ B
I_Current trends indicate that stabilization with
bifﬁﬁénziéxgaining wide spread application. Require-
ment for aggregate grading anc mixture prpperties
of mixes containing bitumen have been summarized
by the HRBICSmmittee on Bituminous Aggregates -
Bases (1970}; This survey of criteria together
with data published by the U.S5, Armed Forces, suggested
that soils that Sfe nearly non-plastic and contain
less than 18 percent passing No. 200 sieve are

“most suitable for bitumen stabilization.

Based on these criteria, the authors suggested
a limit of 20 percent passing No. 200 sieve, aLI .
plasticity index less thanm 6 and the procduct of
plasticity index and the minus No. 200 materials
less than 60, have been utilized for selecting soils
suitable for stabilization with bitumen, Ola, 1987
reported that Nigerilan lateritic soils could be

potentially stabilized by lime for highway construction
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Also Ola, 1978 pointed out that Nigerian
lateritic soil could be stabilized with lime,

cement and bitumen, and these stabilized soils

could be used for highway construction and lowcost
housing. Stabilized soil is an excellent material
for constructing the bases of most bituminous-
surfaced roads in tropical and sub-tropical countries,
Foad Notes 31, 1977. He reported that most soils can
be stabilized, apart from organic soils which can

be identified by a rapid test. Also the adequacy

of soils after stabilization with cement and lime

is usually judged on the results of laboratory

CBR or unconfined compressive strength tests.

A researcher ANISUR RAHMAN 1987, has pointed out
that A-7-€ lateritic soil can be stabilized with

7 percent of cement to make it serve as base
materials for highway construction, while 5 percent
of lime can stabilize the lateritic scil for sub-
base, but 18 percent of Rice Husk Ash (RHA) is
required for sub-base material. He concluded that
FHA can De potentially utilized as a substitute

for 1lime and cement in order to reduce the cons-
truction cost, which may find better application in
rural areas of less-developed countries, ACcording to
Grist 1965 research, where it was found out
that RHA had been used as building materials in

India.



27

Mesica 1978, ', has reported that, the
lateritic soils in Okitipupa area of Ondo State
of Nigeria need only 10-12 percent cement for
stabilization to become reliable for building

purposes in that area.

Oguara 1985, , has reported the advantage
of using cement to achieve the required strength

and durability requirement for any laterite -

cement block.

It has also been suggested that because lime
is not always available, it may be produced on a
rural industry basis in simple Kilns in regions
where limestone is available TRRL, 19877 °
Harris et al 1983, Morais and Freeme 1977 as
reported in TRRL 1987 have found out that bitumen
is particularly suitable for stabilizing cohe-
sionless sands which would otherwise pose problems

if stabilized with cement.

Oyegunle, 1987  , found out that, there is
an increase of 1.5% in CBR value for the soaked

test, which implies that for a material of 30%
CBR we will require about 37% billet-scales to
gpgmadg_the material to a base material of B0%
CBR, While on the other hand for the unesocaked

test, for every 1% increase in billet-scales to
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the material, there is a 5.55% increaee in CBR
value, which implies that only about 10% billef
scales is requred to be added to the material inm

- the unsoaked test to obtain a 30% CBR. But unfor-
tunately, she hadn't completely classified the soil.
However, she went to the extent of making economic
comparative analysis and concluded that billet-
scales stabilization is most suited in areas B

close to steel rolling mills.

- Ingies and Metcaif, 19?3; feported.that Larnach has
shown that the'unconfined'compressive strength
developed by a sand stabilized with Portland';tf: 
Cement may be defined by Feret's strength law,

given in equation 2.2. .

5 - A(C/v_JN”..Iao-oo.-.-.uovoooonnn! 202

where
S ~ the unconfined compressive strength in PSI
V = Volume of pore space
A - 1ls essentially the strength of cement,
but 15 influenceu by material and packing.

C - is the absolute volume of cement .- - _

N = Constant depending on material and geometric
. factors
They also repoited the work done by Hutchinson,
who attempted a graphical model of shear strength

development and based it on triaxial tests carried
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out on eleven sands. His analysis indicated that

the factor N is related to the Grading Modulus (GM),

by equation 2,3

N = 3.3?2 - 1.131 logt GM ¢+ Fo s e e nass 203

And the factor A dependent also on cement type and

curing environment was related by equation 2.4,

h = 1.054 N2.34‘1 --;...'...'......I:... 204

It isliﬁ§§f£éﬁt fo note tﬁat;.soii Stabili;aiion
involves more than a mere increase in compressive
strength and shear reéistance or the impravement
of any other physical property of a spil. But it
must supply a defence mechanism against the conti-
nually acting dynamic forces associated with the
subjection of the soil system to daily as well as
seasonal temperature, moisture changes and other
biological activity all of which tend to destroy the

integrity of the system.
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CHAPTER Tnnsgf;f*j; ;¢;ﬂ .

3.0 EXPERIMENTAL PROCEDURES AND RESULTS =

3.1 IRTRODUCTION

1 i The basic soil sample was collected from

Ahmadu Belle University Teaching Hospital still
under construction., The area was considered
because previous research work done on samples
from the site by Oyegunle 1887, y indicated
the soil to be unsuitable in its natural form as
sub~base and base material. But the researcher R
failed to classify the soil using any classifica-
tion system, but only used billet-scales as stabili-

zer to improve its strength.

':fin'Theréfdre this exberimental work is carried

out not only to classify the soil using AASKHTC method

of classlfication, but alsoc to determine the rela-

tive effectiveness of some common stabilizers and
billet-scales a waste product from our Steel Rooling
Mills, on the pasic lateritic soil. The knowledge

of the group of s0il will be of great importance,

because ohce a 5011 sample from anywhere Is classified

in its natural form and fall in the group of this basic
soil sample, then the result obtained in this research
work can be utilized, Also the result will help in using

a waste product as a substitute to the more conventional

e iR 3T
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stabilizers (lime and cement). Since if the waste
product ' is not utillzed it has to be transported

to designated disposal points.

_ wnThébéibérimenial dééignmwﬁs.detefmiﬁiﬁg.the
physical and engineering properties of the basic
soil sample (contreol) to confirm whether the soil
was sultable or ursuitable as sub-base and base
material in road pavement construction, single ™. .

test was carried ocut in each case.

When the basic scil was found to be unsuitable
different percentages of the stabllizers each were
added and theroughly mixed and Atterberg, compac-
tion and CBR tests were carried out, And the

results were presented in both tabular and grapﬁical

form. gl

2.2 EXPERIMENTAL PROCEDURES

3.2-1 Atterberg Limit Test: Determination of the

Plasticity Characteristics of the Soil- f;

Stabilizer

The Atterberg limits test was.developed in the
early 1900's by a Swedish soll Scientist, A. o
Atterberg, who was working in the ceramic Industry.
He realised that at least two parameters were
required to define plasticity of clays, the upper

and lower limits of plasticity and he developed
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simple laboratory tests to determine the limits.
It was in the late 1920's that K, Terzaghi anc

A. Casagrande (1932b) working for the U.S. Buréeau
of Public Roads Stancardised the atterberg limits
so that they could readily be used for soil class-

ification.

The two limits are used to fix the mocisture
contents at which a clayey soil passes from the
solid to the plastic and from the plastic to the
liquid states. These were consequentiy referred
to as the plastic 1imit and liquid limit respec-
tively. Briefly the liquid limit of soil is defined
as the moisture content at which the soil is
sufficiently fluid to flow a specifiec distance
when lightly jarred 25 times in a standard apparatus.
The plastic limit is defined as that moisture con-
tent at which a thread of soil can be rolled with-
out breaking until it is only 3mm (1/8in) diameter.
The numerical difference between the liquid limit
and plastic limit is termed the plasticity index
and indicates the magnitude of the range of the
moisture content over which the soil is in a

plastic condition defined by the tests.

The Atterberg limits test results with lime,
scale billet and cement are as summarized in
Tables 3.1 to 3.3 respectively. Alsoc the results

)

were graphically displayed in Fig. 1.1 - 3,3.
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 Table 3,1 Effects of Lime on Atterherg Limits of
o Lateritic Soil

Percentage Lime Liquid limit Plastic PI (%)}
A 1imit (%)
0 " 28,70 20,69 7.51
2 n 41.60 27.50 14.10
4 " 41.50 28,30 13,10 -
6 " 43.00 23.10 19.90
B " 45,00 28.40 16.60
10 " £3.20 24,30 18,90

Takle 3.2 Effects of Billet-Scales on

Atterberg Limits of
Lateritic Sqil

Percentage Scale Liquid 1imit Plastic PI (%)
pillet 1imit(%)
-0 " 28,70 20. €% 7,31
2 " 43.00 23.6 19.40
4 " 42,30 22,0 20.3
6 " 41.00 22,70 18, 3
8 " 40.70 23.10 17.60
10 " 39.20 24,10 15,10
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Table 3,3 Effectsof Cement on Atterberqg Limits of
Lateritic Seoil

Percentage Cement Liquid limit Plastic PI (%)
(%) 1imit (%)

0 " 28,70 20.69 7.51
2 " 38,50 35.6 12.90
4 - 35.70 24,5 15.2
6 » 38,20 20.9 17.3
8 " 43.0 20.4 22.3
10. o 40.00 23.8 16.2

3.2-2 Determination of the Dry Density/Moisture
Content of the Soil-Stabilizer

In determining the dry density/moisture content
of the soil-stabilizer mixtures 3kg of soil was taken
and the corresponding amount of stabilizer by weight
was added and then thourcughlymixed in a head pan.
Then 3% (90cm>) of water was added and again thoroughly
mixed. This soil-stabilizer mixture was then com-
pacted in a standard proctor mould in three layers
giving each layer 25 blows. After this compaction
the mass of the mould + base + compacted soil -
stabilizer mixture was weighed from which the mass
of the compacted soil-stabilizer mixture was deter-
mined., The compacted wet soil=-stabilizer was then

poured into a headpan and a small sample of it was
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taken for moisture content determination.

The soil-stabilizer mixture was compacted about
six times by adding fixed percentages of water by
volume to the sample after each compaction up to the
compaction after soil-stabilizer wet weight has
fallen., The dry densityﬂd was determined using

equation 3.1

Pi w BBE o iiietineiniasiiiis Bl

1+w

where,

jd - dry density of soil solids.
P =~ bulk density of the soil

W - moisture content of the scil.

The experiment was repeated at different

percentages of each stabilizer.

The graphs of dry density were plotted against
moisture content, as shown in Appendix C. And the
results of the B.S. compaction of the lateritic soil
with lime, scale-billet and cement are as summerized
in Tables 3.4 - 3.6. Also the results were graphi-

cally displayed in figures 3.4 - 3.5,
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Table 3.4 Effects of lime on Compaction Character-
istic of Lateritic Soil

% of Stabilizer OMC (%) MDD (KN/m°)
o 16.50 17.09
2 17.50 - 17.32
4 18.00 16.70
6 21.80 15,75
8 18.00 16.85
10 17,25 15,36

Table 3,5 Effects BilleteScales on Compaction
Characteristic of Lateritic Soil

% of Stabilizer OMC (%) MDD (KN/m>)
0 16.50  17.09
2 18,50 16.74
4 20,00 16.70
6 17.50 16.70
B 18.00 17.32

10 . 19.00 17,07
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Table 3.6 Effects of Cement on Compaction
Characteristic of Lateritic Soil

% of Stabilizer OMC (%) MDD (KN/m>)
0 16.50 17.09

2 16.00 17.53

4 18.00 17.50

6 20.00 17.40

8 17.50 17.48

10 16.00 17.56

3.2-3 Determination of the Particle Size
Distribution of the Soil

The particle size distribution of the soil
was found by particle size analysis. An analysis
of this kind quantitatively expresses the propor-
tions by weight of various sizes of particles
present in the scil. It is of serious significance

in several problems in soil engineering e.g. concrete
mixes, highway base and sub-base, design of protec-

tive filter, filter drains for earth dams and water

wells etc.

In order to analyse the soil, the combined
sieve analysis was used, the particle size distri-
bution of 1its coarse fraction was determined using

B.S. Sieves and that of its fine fraction was done
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by sedimentation analysis.

The result of sieve analysis was recorced
in Test Data Sheet 302 and the calculated particle
size and the fraction finer (P) of particle finer
than D was presented in Test Data Sheet 302 and
the results of dry sieving and sedimentation
analysis were combhined in Test Data Sheet 303 all

in Appendix A.

The diameter (D) and fraction finer (P) than

D were calculated using equations 3.2 and 3.2
respectively

D = ’((I-'/t)k P N 3.2

where,
« = [T ;
(35- yw)

p = ach/” LR O B O B 3.3

a = 1.53 - 0-265.

R = corrected hydrometer reading

R reading at the top of miniscus
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C = the composite ceorrection factor

Gs = the relative density of the soil particles.

3,2-4 The California Bearing Ratio (CBR) Test

The €alifornia Bearing Ratio (CBR) test is
an adhoc penetration test developed by the
Calif?rnia State Highway Department for the eva-
lﬁafidn'cf subgrade strengths and later extended
to £111, sub-base and base materialsy In which
the load reguired to cause a plunger of standard
éiié £6 penetrate a specimen of soil at a o
standard rate is measured either before or after
the specimen has been svaked for some days. There-
fore, California Bearing Ratio 1s a measuré of the
shearing resistance of soil under carefully contro-
lled density and moisture condltions and.is_used with
émpirical curves for designing f]exiblé savéments.
It is expressed as a percentage of the unit requlred
to ferce a piston into the soil divided by the unit
load required to force the same piston to the sﬁme

depth into a standard sample of crushed stone,

5kg of the lateritic spil was mixed with the
various percentages of the chosen stabilizers and
throughly mixed and then mixed with the calculated

Optimum moisture content as determined from standard
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B.S5. compaction. It wdas then compacted in three
layers, each layer was given egual number of blows

725, Two specimens were prepared, one with unper-

for;ted CBR mould and Lhe other with perforated .
CBR mould. The former was taken to the CBR testiﬁg
machine to determine the loads corresponding to
various penetrations. While the later was socaked
for 24 hours before testing. In both cases the
specimen were tested at the top arnd bottom and the

readings were recorded In as shown in CER report

sheets.

The soaking is done in order to siﬁulaté thé
s0il or scil-stabilizer to the_worst condition,
which exist subsequent to conétructicn. Therefore
the scaking is done to assess, 1f the soil will
resist seepage and whether it will withstand water
that stays on the rcocad as a result of rainfall that

lasts for hours or even days.

The results of the CBR test are as presented
in Tables 3.7 - 3.9 and the results were also
graphically represented as in figures 3.6-3.7 for

soaked and unscaked conditionse
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Lime on CBR of Values of Lateritic Soil

% of stabilizer| 0 2 4 6 8 10
Unsoaked 14.94 [16.87 | 30.84| 10.60 | 15.42 13.49
' Soaked 4.63 |13.39) 14.75] 12.72 | 9.16 4.14

Table 3.8 Effects of

Billet-Scales on CBR Values of lLaterisic

Soil
% of scale-
billet 0 2 4 6 8 10
Unsoaked 14,94 | 12.85 17.35 ] 22,13 | 20.24 11.08
Soaked 4,63 7.20 4,631 12.34 |10.79 y PR o |

Table 3.9 Effects of

Cement on CBR Values of Lateritic Soil

% of cement 0 2 4 € 8 10
Unsoaked 14.63 | 23.77 | 22.17 | 25.98 | 21.84 24,09
Scaked 4,63 | 25.54 | B81.92 | 39.51 |66.18 80.95
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3.2-5 Moisture Content and Specific Gravity

Determination

The initial moisture content of the soil
sample as well as the specific gravity were calcu-
lated and the averaged values are presented below,

The test data sheet as shown in Appendix A.

1. Moisture content = 7.33%

2. Specific gravity = 2.64,
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CHAPTER FOUR

4,0 DISCUSSSION QOF TEST ﬁESULTS

4,1 GRADING ANALYSIS

_ Tﬁe particle size distribution of the natural
5011 has been presented as a curve on a semi-
logarithmic plot in Fig.4,8, The lack of continuity
of the resultant curve for the grading analyéi#ﬁ
can be attributed to different assumptions in

defining the equivalent particle size diameter.

It can be seen that the particles lie within
a steep curve, indicating that the particles lie
within a small range. Values obtained from the
calculated coefficient of uniformity and coefficient
of curvature also give good insights, Acéordiﬁé
toc the uniformity coefficient criterion, the soil
is well-~graded. However, it fails the cqefficient

of curvature criterion by not lying between 1 and

3, -Robert D,H. and William D.K,, 1981, Theé?tfore

based on coefficient of curvature., It &E’Eborly
graded, Therefore it is indeed poorly (narrowly)
graded,

e . (D3Z  _ (0.35)° 5. a2
c D10xDE0D 0.02x0.65 -




wheres;

D10 = the particle size which is such that

10% by mass cf the particles are smaller.

D30 = the particle size which such that 30%

by mass of the particles are smaller.

D6Q = the‘particle gize which is such that

60% by mass of the particles are smaller.

,Also the parcenfagés of gravel, sand, silt and
clay have been calculated. The results are summarisecd
in Table 4.1. On the basis of the resuts the soil
is considered to be silty-sand, |

Table 4.1: Constituents of the leteritic Scil

Constituents Percentages (%)
Gravel S 3,33
Sand _ ?'- 78.58
Si1t R 15.01
Clay  5' -f ' 3.08
Since the liquid limit = 28.20%, Plasticity

index = 7.%1% and with less than 35% of the

soll passing No. 200 B,S, sieve the soll is class~

fied as A-2-4, using AASMTO classification system.
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“"" 4.2 CEMENT - STABILIZATION

4,2-1 Atterherg Limits
_ Tﬁe.resﬁlislgf Afterbefg Limits on the
natural scil with various percentages of cement
are as presented in Table 3.3. The nature of
i changes of liguid limit, plastic limit, and
plasticity index has been presented in figure.
34 to 3.3, The liquid limit increases from 2%
cement to 4% and then decrease at 6% and later

increased to the maximum at 8% cement. While the

 ._ plastic limit decreases from 2% of cement to 8%

cement and suddenly jumped. The plasticity index
increases from5.0% for the control to 22.3 for
8% cement.

A substantial reduction in plastic limit of
spll-cement mixture upon the addition of Portland
cement can be noted. WwWhile there is a substantial

increase in plasticity index resulted from the

addition of portland cement,

4,2=2 Drf Density/Molsture Content Relationship

The results of standard proctor compaction test
with various percentages of cement have been presented

in Table 3.6,

ot Thea rhannae {in Artimim madiecdnra FrAantand



{OMC} and Maximum Dry Density (MDP) with increase
in cement content have been presented as in Figures

3.4 and 3.5.

The Maximum Dry Density showed an appreciable
increase from 0% to 2% and thereafter decrease, until
at 10% cement where the maximum occured, While the
OMC has the minimum at 2% and 10% and maximum at

6% cement.

4,2-3 California Bearing Ratic (CBR) Test

The results of both unscaked and scaked CBR
tests have been shown in Table 39. The trend cof
N ”changes of both scaked and unsoaked CBR values has

been presented in figures 3.6 and 3,7 respectively

The change of unsoaked CBR values showed an
1.incfease from the control test and has the maxi-
mum at 6% cement. While the scaked CBR values
showed a significant increment with maximum at

4% cement,

4,3 LIME ~ STABILIZATION

4.3=1 Atterberg Limits

The results of Atterberg Limits on the natural
scil and with natural soil with various percentages
of lime has been presented in Table 1.1. The nature

of changes cof liquid limit, plastic limit and



and plasticity index has Leen pre;ented.in.figures
3.1 to 3.3,

- The liquid limlt appreciably change from the -0% to
2% and slightly decrease at 4% there after increase
with the maximum at 8% lime. While thg nature of
changes 1n plastic limit didn't follow.any pattérn,
but only having a maximum at 8% lime and minimum
at 6% lime. In the case of plasticity index there
is generally an increase in PI values with maximum

at 6% lime and minimum at 4% lime.

4,3-2 Dry Density/Mecisture Content Relationship

The results of stancard proctor compactich ;
test on the natpral soil and with natural soil .
with various-percentages of lime have been presenfed

ir Table 3.4,

" The nature of changes in the optimum meisture
content shows an increase up to a maximum at 6%
l1ime and ther after decreased to minimum at 10%

lime,

While the maximum dry denstty increase to the
maximum at 2% lime and thereafter, couldn't fcollow

any definite pattern,
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4,3.3 California Bearing Ratlo (CBR) Test

The results of both unscaked and scaked CBR
tests have been shown in Table:3.7. The trend of
changes of both scaked and unscaked CBR values has

been graphically presented in figures 3.6 and 3.7.

The unsoaked CBR values change with the
maximum at 4% lime and minimum at 6% lime. While

the soaked CBR values has the maximum at 4% lime

and minimum at 10%.

4.4 BILLET-SCALES — STABILIZATION

4.4'1 (a) Atterberg Limits

The result of atterberg limits on the natural
soll and natural soill with varicus percentages of
billet-scale has been presented in Table 3.2.
The trend of changes of liquid limit with increase
percentage of billet-scale shows a slight decrease
with maximum at 2% billet-scale and minimum at 10%
billet-scale. While the plastic limit changes with
maximum at 10% billet-scale and minimum at 4%
billet-scale. 1In the case of plasticity index,
there is an increase up to 4% billet-scale andﬁl

then decrease to the minimum at 10% billet-scale.

4.4-2 Dry Density/Moisture Content Relationship

The results of standard proctor compaction

test with various percentages of billet-scale
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have been presented in Table 3.5.

The nature of changes in optimum moisture

content and maximum dry density have been presented

in fiqures 3.4 and 3.5.

The maximum dry density decreases at 4%
billet-scale to a maximum at 8% billet-scale,
While the optimum moisture content increases

with maximum at 4% billet-scale and minimum at

6% billet-scale.

4,4-3 California Bearing Ratio (CBR) Test

The results of both unsoaked and soaked QQC.
CBR tests have been shown in Table 3,8 Also the
trend of changes of bothsosked ° and unsoaked
CBR values have been graphically presented in . ’j

figures 3.6 and 3.7.

The change of both unscaked and scaked CER
values for billet-scale has not been guite sub-

stantial and can be vitualised in Table 3.B.

4.5 COMPARISON

The effectiveness of each of the used stabili-
zers has been discussed., 1t can be seen that,
there is generally an increase in liquid limit in

the case of lime stabilisation, while a decrease in



liguidllimit in.the”case.of billet-scale; whiié
there is generally no definite pattern in the
case of cement. Also the plasticity, which is
& measure of clay content generally showed an
increase in lime and cement, while a decrease is

noted for billet-scale,

The maximum dry density showed .some slight
decrease in value at the compactive effort test,

as for cement and lime, while there is some

increase in maximum dry density in the case billet=-

scale.

The soaked CBR vaues showed an iﬁcfease in
CBR values up to 14.75% at 4% lime, whille a
maximum of 12,34% at 6% Billet-scale. The most
substantial increase was noted in the case of . -
cement at 4% cement. In the case of unscaked
CBR values, a maximum value of 30.84% at 4%
lime was noted, while the maximum in the case of
billet-scale is 23.13% at 6% blllet-scale.
However, a maximum of 25.98% CBR at 6% cement

was cbtained.
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CHAPTER FIVE

5.0 CONCLUSION AKD RECOMMENDATION

5;1 CONCLUSION

| lIdeally, the base caurse of a pavement should
consist of gravel or crushed stone, meeting required
strength conditions. However, more often than not,
the required materials might not be readily avai-
lable. 1t is important to noté also that road
pavement and their foundations are subjected not
only to mechanical stress incidental to their
usage, but also in dynamic interattions with their

environment,
=

Consequently the selected scil was classified,
as A-2-4 group, using the HASHTO - classificatlipn
systém and was found out not to satisfy both the
CBR value and plasticlty index in the soaked
condition for the fill, sub-Pase and base materials,
Hence the natural soil was stabilized with cement,
lime and billet-scale not merely to increase the
strength or shear resistance or the improvement
of apy other physical property of the soil. But
it must supply a defence mechanism against the
continually acting dynamic forces assoclated with
the subjection of the soil system to daily and

seasonal temperature and moisture changes.
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ThéiGenérél Spééifi&atiéné for“R;ads and
Bridges, Federal Republic of Nigerla stipulates:
The minimum strength »f the various pavement
components, determincd at mazimum dry density énd
optimum moisture content by either West African
Standard Compaction or Modified AASHO compaction
tested after at least 24 hours soaking, to simulate
the worse-condition, should be
(1) Fill material CBR = 10% up wards
(ii) Suk-base material CBR = 25 - 55%
(1ii) Base material CBR = B80% up wards
{iv) Any material of which more than 35% passes
the Nc., 200 B.S. sieve may be rejected;
(v) That the scil should have a plasticity
index of not less than 10% and not more

than 20%.

Thfﬁﬁgﬁout my résearch work the ;ténd;rd
proctor compaction method was used, hence with
lesser compactive effort than any of the two method
stated above. However, on the basis of the results
obtained with standard B.S. compaction on the

stabilized soil, the following deductions can

readily be drawn,

The natural soil had satisfied the percentage

passing the No. 200 B.S. sieve, hence it couldn't
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be rejected on the basis of that criterion., 3So
also with the addition of each of the used stabi-
lizers, the plasticity requirement was greatly
improved right at 2% stabilizer to the upper limit

of the range tested,

However, the strength requirement assessed
through the C.B.R values of the unsocaked test
had not shown any appreciable increment, While
‘the soaked CBR test in the case of cement-stabili-
zation had shown a remarkable 1mprovement. From
the'resﬁlts of the sfﬁdy, with 2% of lime, 2% cement
and.Z% billet-scale, the unsuitable material can

meet the CBR requifement as a fi1l material.

Again with 4% 1ime, 2% cement and 6% billet-
scale, the silty-sand will meet the CBRreguirement
as a sub~base material. But only 4% of cement is

required to effectively stabilize the A-2-4 group

of s50il as a base material.

It was unfortunate, that for this group of soil,
there was nNo linearity in any of the pfoﬁérties tested
hence no projection can be done with certainty.

But as stated earlier scil-stabilization is not
merely to increase the strength, but an 1mpfoie-

ment of other physical properties,
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5.2 RECOMMENDATION

within the range of percentages tested only
cement stabilized the soil to be used for base
construction, it could be said that, lime is not
an effective means of stabilizing silty-sand as
previously noted in the literature review. However
billet-scale cannot be commented with certainty,
until higher percentages are tested. And also
particles passing No. 36 B.S. sieve was used
because about 40% passed through this sieve and
this particle size was <chosen as it is about the
size of cement, Furthermore, more research should
be undertaken with billet-scale coarser than particles
No. 36 B.S., sieve to completely assess, how this

waste product could be fully utilized.

However, the following recommendations can be
made. A=2-4 group of soil can be effectively
stabilized with 2% each of lime, cement and billet
scale as a fill material. Also with 4% lime, or
2% cement, or 6% billet-scale A-2-4 group of soil

can be improved to sub-base material.

Again more research should be done, on this
group of scil with higher compactive effort, i.e.
West African Compaction and Modified AASHO Compa-
ction methods. And also the strength should be
assessed through unconfined compression strength

test.
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Billet-scale, a vaste product, which proves
very expensive for its disposal can be utilized as a
substitute to cement, especially in areas where
Steel Rolling Mills are located. This is because
billet-scale is heavy, hence it will require heavy
transport cost to take billet-scale to very distant

place.
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APPENDIX A. = '

PRELIMINARY TESTS RESULTS ON BASIC SOIL

. SAMPLE FROM ABUTH STILL UNDER CONSTRUCTION.
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DETERMINATICN OF SPECIFIC GRAVITY OF THE SOIL SAMPLE FROM

ABUTH SHIKA

Bottle No 1 2 3 Ave
Wt., of bottle + Water (full) W, 345.1 | 349.0] 348.10
Wt. of bottle + soil + water Wy 384.6 | 391.8| 386.70
Wt. of bottle + soil w, 159.3 | 168.6| 161.€0
Wt. of addit. of water (W,-w,) 95.7 | 99.7| 98.7 | 7.64
Wt. of water added to soil (NB-NZ) 249.4 | 249.4| 249.4
Wt. of soil (NZ - wl) 225,33 ] 22 ,2) 225,10
Wt of water displaced by soil

(Wy = Wy) = (W = W) = W 24.1 | 26.1| 24,3
Specific gravity of soil particles

(Mg = Wed/W 2.639 | 2.639 | 2.588
DETERMINATION OF MOISTURE CONTENT
Bottle No. 131 173 193
Bottle + Wet soil 46.3 48.6 43,00
Bottle + dry soil 43,70 46.0 40.70
Bottle empty 8.10 8.10 8.10
Dry weight 35.60 37.90 32.60
Loss 2.60 2.60 2.40
Moisture content 77.33 6.86 7.36
Average 7.33
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CONTROL (0%)
MATERIAL TEST 0%
LIQUID AND PLASTIC LIMITS, LINTAR SHRINKAGE

Sample NOses++Toos Liquid Limit. #8220 .00i0ievs. Plastic Limit. 20
Dateesssssserese Plasticity Ir<~%ee 2223 «veve Linear Shrinkage.
Job 00« PEPIBER. cxvnvnsniin DESCPIPEION BE BOLY worisTasssnssssossssass
BB oo o BERIRT I - g g e g s D TR gt i g s e g R R RO D NP AR
L.L. Machine NOsesvsoseeesvvescesssaeses Operator Avaisu'M, M.
Propertion of sample retained on No. 36 B.S. Sieve « 0o 8mS  vurenennrnns
No. -of blows refers to liquid limit determination.

Shrinkage % refers to linear shrinkage-

Liquid 1imit marked L.L. Plastic limit marked P.L. Linesr shrinkage marks
T v T ™ - —

v
T}"Q of tectivsvennanans LL LL LL LL LL
o of blove/ehrirkage ¥.... 45 32 28 17 11 |
Gc;ntainer '0....--1--.0-.-. 20 49 38 32 22

¥t of wet soil & container...g.. 20,600 . 20, - p2.80 15,80 25.L

: ; 2., |18:20 1750 20.00 17.5 21,6

e

M_ggntlinlr‘.,.......... s-tn 9._50 3.90 10.0 .so _’.3
Ee 42 il MYl et 3570 8.70 10,0 8,00 2.3
wt of moisture (Wa/Wd) ..euu¥ 2,40 2,40 28,0 2.30 3,8 1
Hciat\lre content 100(93/\*1)--.% nlo n‘s 2800 28'7 30.‘
Tvpe of test | i FL| |R”
Xo of Ylows/ehrinkage Yeoeseose A - e »
Lontainer ¥o i ! 5k Lo 3l
Wt of wet soil & container... &.. 15.1 1L.6 14,8
Wt of dried soil & container... | k. 13.8 13,8 20,6
Whm#u - - 9’3’0 9010— 9020
Mt of drv soil (we) : k.80 L0 [L.60 __
Wt Dr !_niBt\n‘! iw).lllli. 5;0 1.w 0'?‘ 1.“
Moigute content 100(Wm/Wd)...% ) 20.8 19.5 21-} I
- . 35
3) T
&
£
! 30
E ) -
% . SSSSaE
g = T s
a} — * - 1
© 15 2w 5 » B0

No. of Blows
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Basio Soil

T Sleve Analysis on
< maas of sofl :.._oV e A ieeieee Maas passing 2mm sieve ﬁx,_ ) B ‘.a.-n S T
retained on 2mm sleve ..._wo»‘ Mass us«d in sedimentation Mnalysis Az.uu
Jlusent N _1..4..-._....I...w-..b.n...mm__............. Group ......n...u.... Date -...o\....N@w.........
Lpoening T S5 Sf |pas 6X Mass of I Fraction Cumnulative roction
r L ' Sieve Sieve + Soil(|Soil o Retningd Rraction ' seing
(1) m (g) Retoincd(p) |Hetained(p) [Rotiind (g) Rotained
7 2,00 | - - 0.1 0.52 0,52 99.48
1
1
14 1.0 | = - 2.9 14,95 15.L5 8.5
[ | i =
T 1 ﬁ .
s _. S - _ 6.1 32.99 L8.L6 51.5k
1 |
36 __ 0.L40 - - 3.3 17.00 65.4L7 3L.53
52 _ 030 | = - 2.5 12,89 18,36 21,64
| e
72 0.20 - - 1.5 T.T3 86.09 13.9
[
100 015 4 - - 0,50 22,58 88.67 1,33
200 0,075 - - 1.7 8.76 9T.43 2,58
Pan
0.5 i 2.58 100,.0 0.00

. -
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)

Teat Datz Sheez 20

e

Sedi~ nt~ticn (Hydromoter) An-lysis

167.5¢m

Gross Mass of =-~i1 {;v:g)...‘.... Vazs passing 2mm sieve (Mi).,.00%

Macs used in sodimentetics - 35t (--E)??P. Zoro Time. L028 ,
Student Name S e MISU ITOUR TiCasiaes Date: . .19'.,?{1.9.8?. oiaid
Elzpscd Hydrometer Terpzratur Particle Frac r.i‘!?rn
Time Re ¢ing (/1) {O’:} Diameter Emnller
(mm)
20 szc 1L.00 20% 0,087 0.2128
LQ sec 13,00 - 0.062 0,1627
1.0 min 12.00 » 0.052 01727
1min 20 seq 11.50 . 0.0l5 0.1617
1min 407 seg 11,00 . 0,0L0 0,152
2.0 nin 1¢c.50 . 0,037 0.1L26
2.5 min 10,00 » 0,033 0.1326
5.0 min 9.00 » 0.02L 0.1126
10 min e . 0.017 'o.os;s
15 min 7,00 . 0,01k om;s
20 min -;.50 . 0.012 0,0625
30 min 6.00 - 0,010 0,0525
L0 min 5.50 . 0,009 0,042k
1 hr 5,00 . 0,007 0.0324
1hr 30 min 5.00 . 0,006 0.0324
2 hr L.50 . 0,005 0.022L
24 hr oo . 0,002 0.0123




Toet Doto Sheot 303
Sross mosse of roil |

L O
FAR - o PR
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. :‘! '.

Corrinad Particle size /nalysics

nzlyeis (I

[ OM; M-o . ;&w.m%u e v GTCUp Toe o .

Stuients Hrom

) ..208Mm

."D) ZAN vions prasine 2me sicve () .'.qu
|
LI I I B T I I I I I Y

| g

Partiecl . Firaentzge Spollor

SiZi‘ e o —

(mm) Sieve fnelysis Hydrometer

out of M =M _jout of U out of M of total
[l 1 1
2,00 100 100 100
2,00 | | 99,48 99.48
t.00 84,53 84,53
0,60 51.5h 51454
0.110 | 34.53 34,53
0,30 21,64 21,6
0,20 13,91 13,91
g:;gv | | 11,33 11,33
— AF 28 [§>0=1- B
0,075 2,58 ' 2,58
0,062 19.27 18,09
0,052 17.27 16,22
0,045 ] 16,17 15,18
0,040 15,27 3l
0,037 1,26 13.39
0.033 13,26 12,43
0,02, _ 11,26 10,57
0,017 9,25 8.69
0,012 6.25 587
0,010 1 c_oC 1.9
g.gg; h.gﬂ 3.?Q
» 30 3.0 |

0.006 324 3.04
0,005 L 224 219
0.002 1.23 2.2
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LOAD INDICATION

UNSOAKED SOAKED

Penetration :

imas) TOP BOTTOM TOP BOTTOM

0.000 - 0 0 0 0

0.025 70 75 25 15

0.050 87 117 35 20

0.075 s 140 45 "

0.100 116 155 48 30

0.150 139 180 54 35

0.200 163 200 60 47

0.250 188 222 65 54

0.300 210 239 70 61

0.350 229 255 75 67

0.400 250 275- 80 69

0.450 271 290 s 73

0.500 293 305 95 84
CBR % 11.17 14,94 4.63 3.02
verage

CBR RESULT FOR .

0% (CONTROL)

LR O I I Stabilizer



g
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APPENDIX B

LIQUID AND PLASTIC LIMITS TEST RESULTS

* ON THE SOIL - STABILIZERS MIXTURE,
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MATERIAL TEST 2 Lime (Lgus)

LIQUID AND PLASTIC LI'ITS, LINEAR SHRINKAGE

Sample NO-‘:..:...- Liquld Limit...-hj‘.:fo‘.....-.o. FlasTiC Limitnaz:ro..s.....
Da'te.v--..-n.-.o.. Plasticity Index. .l.‘:.......‘ Lir‘;ear‘ S?‘.I‘inkage.no'.-.-

JODssreasnessresnecacneesena Description of S0l cevesvsessssscacnsssnss
BitBicavessvreswiviae SRl el s TR e saas e sa s et e b s anniesieadireeced
L. K. ﬁachine NOevoecsocsssrnsnsearansesns Cperator

Propertion of sample retained on No. 36 B.S, Si€VE cecsccccscassasssasnn
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

iquid limit marked L.L. Plastic limit ::12:'1“1(&-6T P. L.T Lirrle:r :s.hrin:.kage'marks
t}}ﬁ of teBt.seesscacane LL LL LL LL LL

o_of blows/ehrinkage ¥.... L8 38 2l 18 12
Container WO, cseeesectsosss 104 302 205 209 605

¥t of Wet soi]l & container,..g.. 6.k 38,k 38,6 38,9 4435.7

Wt of drdied soil & sontainer g, P2 33.k 33.5 33,k 33.9{
Wt of COntaineTy.eiscececsss Beoo 202 20,9 21,0 20,8 20,4 § -

Wt oof dry gail (WA) Ve | 12.5 12,5 12,6 12.7

wt_of gg'gltuﬂ (/W) wase h.}j 5.0 5.1 | 5.5 5.6
Moisture content 100(wm/Wa)...50 B9.L { 40.0 Lo, o1 Lk, 1

Iype of test J n FL L

Mo of Blows/shrinksge ¥eeeooses | - = "

Cootainer ¥o. - ! 208 Log 304

Wt of wet soil & container,.. £.. . 2l 2Le3 25.1

Wt of dried soil & container... 23.3 23,5 PRL.2

' 20.4 20.6| 9

m n! cmz‘lm:........‘.. ‘ . .
Wt of dry soil (we) : 2.9 2.9 3.3 o

Wt of 20181’-1.‘.1‘! (H.B)....... s_v- 0,8 0..8- 0.9 ;
j Eg!sutt content 1&(9&/\*1)...% " ﬂl‘ ﬂ.‘ ﬂ.’ te o,
: i
= Ls

Lo

35 -

 — gt

MOISTURE CON SNT = FER CENT
!
/

P s . 25 SHET S
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MATERIAL TEST l¢ Lime (Egms)
LIQUID AND PLASTIC LIMITS, LINEAR SHRINKAGE

Sample NOesssesse. Liquid Lir:it...l{"ﬁ........... Plastic Limit..2.5r33....
Datesseseesreseess Plasticity , AT S Linear Shrinkag€seesceces
Jobeessnssssnncennnnnnanness Descripntion of 8011 secsnssanrarrsnssancans
BIthissisiviirinin sy e se s weieeia seseieeasessesensnssssensneessnsenne
L_.[. Machine NO:sssessssscesenssnsseasas Operator

Propertion of sample retained on No. 36 B.S. Si€Ve ecccevecccsscnscsnnsnns
No. of blows refers to liquid limit determination. (25)

Shrinkage ¥ refers to linear shrinkage.

Ligquid limit marked L.L. Plastie limit ma'rked. P. L. Lir;;e:r _shri:;:kaze'marks

'Ib"e of test.wssscsavene L LL L LL 1L
o of blows/shrinkage %.... Ly 3 2 16 12
Container NOsssesssnsssscee 200 301 208 2“‘ 3“
¥t of Wet soil & container...g.. |29s5 8.7 31.6 38.5 38.8
M Mr......".u.. Esne "hdg 21.|‘2 20,7 20.1 .?o.s
Ntof dxy aoid LWd) ot 10.9] _Patg |17 12,5 12,1
Wt of moisture (Wn/wWd) «ee..% 3.7 L.8 5.2 3.9 5.9
Moisture content 100{wm/Wd)...% |33.9 37.8 Lh.L L7.2 L8.B
Ivpe of fest FL PL PL
No of Mlows/ehrinkage ¥ooeevses - - -
Lontainer Noo s : 20 10 401
Wt of wet scil & container... &.. 25.6 26,0 26.3 o
Wt of dried goil & container... [ 2LeS 25,0 25,1 _
I W-......... [ L 20" ?105_ 2‘.1

!E gf miltur!_(_un).u.... 5 e 1.1 1.0 1.1
Moieute content 100(wm/wd)...% I 20,2 28.‘1 28.: )

- 'l gt l_I

S0 F - 1

| = ¥

4 )

4

. =

31

JEEaNl

E

MOISTURE CONENT - FER CENT
]
1

Lo - “a
S = z £ it
o 1“11_ 3.
35 = s =
0 "3 0 25 = 50

No. of Blows .- =
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FATERIAL TEST 6 Lime (12gms)
LIQUID AND PLASTIC LIMITS, LINTAR SHRINKAGE

Sample NOseoesseos Liquid Limite. 43¢0 ....c..0u. Plastic Limit.33°97.%.231
Datesssesescassoss Plasticity Indexess. o'fe.cees Linear Shrinkageeesss«os
JODecronsasnsscossrsnseenase DeSuription of 80il ssessvesvecocssandensee
SIthicnssevassngiiins s aese i onelis €6 FT et EREEeELs It e s AN s R A e e n A vee
L. L. Machine NOseesvrececssssssnsscesssenas Operator

Propgrtion of sample retzined on Mo. 36 B.S. Si€Ve lececssccccvrscrnanes
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

Liquid 1imit merked L.L. Plastic limit merked P.L. Linesr shrinkage marks
T\m of test.uiveonanese LL 1L LL LL LL ‘
ﬁc of Ylows/shrinkage %.... L6 3 22 16 ]
Container No.eesssessssosse 107 309 21 ) 206
¥t of Vet soi) & container...g.. P36 39.2 L 3.8 31.1
. . .6 33.9 32.2 32,5 32,3
Wt of COntainerysessesseeses Bros 2100 21.L 20.3) 21.1 21,3 1
13.6 12.5 11.9 1, 11,0
N of Aoy sodl (W8) ool 700 =
Wt of mistm (m) ..OIO* s'o 5'3 502 503 S.ll
Yoietyre content 100(wn/Nd). .5 [36.7 L2.k k3.7 | Lé.5 LS.t
Dype of test L FL FL
|¥o of Blows/shrinkage ¥eeeseoee - - -
Lontaiver Na, S ! 308 L 203
wt of wet s0i)l & container... .o ; " p6.0 5.9 RS.T
w: of dried soil & container... 251 25,0 2L, 8
- | 2141 2141 21,0
M of container, casansasss £ oo L
Wi of drv soil (we) L.0 3.9 3.8 -
Wt of moisture (Wn)isesees & oo 0.9 00:_9 o.
Lioisute content 100(Wm/wd)...% |22 231 23.% :
” Ll I:_I
!
1 L5
§ :
E T
[ . . 3 =
8
E 8- = =
£ SESst=sechi f
P Sk S . = " T
© 5 w25 » B0

No«. ¢f Blows
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: FATERIAL TEST 8 Lime (16sms)
LIQUIN AND-PLASTIC LIMITS, LINEAR SHRINKAGE

28,4

Sample Ngessseesos Liquid Limiteseco 8. 0seueess. Plastic Limit..
Datessseevessseess Plasticity Tidens oo 0% « siéin s Lirear Shrinkagecessscee
Jobesesvsassvecscaessccscsee Description of 801l cecevonevecsoscsasanssn
Sltlecenscsrvsncancssvesrernssnseccrssscssnsssonsssbossssnnsescansnsoresses
L.L. Machine Nowuswewannowsbrraneriavine Cperator

Propertion of sample retained on No. 36 B.S. SIie€VE ssssesccecesnsansnnes
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrirkage.

tiquid 1imit marked L.L. Plastic limit marked P. L. Linesr shrinkage marks
Ty’!of t—e’t...vouslnc.- LL u u u u =
lsiof blowe /ehrinkage ¥.. .. b n 21 16 12 | |
Container Nososscssssasassns { Lo2 Lot 213 209 Loé
¥t of Vet goi) & container...g.. Poel 3.8 35.6 3.0 35.6
T s 31.4 32,6 31.0 31.8| 30.L 1
M containeTeevoscssosanns 8:_-- 20.5 20'9 m‘a m" 2007
. 1.7 10,2 10,9 9.7
m [T Lk !uﬂ} £ 0 9 1 »
we of moisture (Wwa/ANd] ..o0% b3 5.2 Lé| | 5 5.2
Yoisture content 100(\\:./"6)."'}6 ”'s L"'k h501 h?. 53-6
Iupe of teot FL PL FL
o of Rlowe/ehrinkege ¥eeseense = ” as
Lortaivar Mo it 301 109 Ll
Wt of wet soil & container... &.. L9 25,8 S L
wt of dried so0il & container... ] | «0 2L.8B 2.5
| .5 21,2 21.L
m nl ':Iiaulln:l.ll...l‘.‘ ‘ L] | -
| W% of drv soil (we) . ' 3.5 3.6 3.1 - o
!E gf miﬂtm_(m)-..-oo- E e : ] o., 1:0 0.9 ;
| &1!\13 content 100(5!:/\‘:1)...%5 2 ]2507 ﬂl 29. '
- ITH
w b
. E L
o 3
s
g
' Lo
3 -
8 G g =
g = = = (41
¥ E: ::
30 = o !
L 15 20 75 d - 50

No. of Blows
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MATERIAL TEST 100 lime (20gms)
LIGUID AND PLASTIC LIMITS, LINTAR SHRINKAGE

Sample NOsvessssase Liquid ijitlulchaa.lzclnlnicl!lc Flastic LiTritooaﬁI:.o’o-t--

Dateevrecsceceeeese Plasticity Index L1 Linear Shrinkagleeessces
JODesvessssasssasssssnandssse Description of 8011 cossseseasccecsscacsssns
SELB - ns v anes00 v e emoss e stssssss e es tesesssvesses e Ra R aR R ES
L. L. Machine NOtssveseccdsavseasnsscsssnes COperstor

Prdp‘rtion of sample retained on No. 36 B.S. SieVe eeescescsssvsnsronsna
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkzge.

Liquid 1imit marked L.L. Plastic limit merked P.L. Linesr shrinkage marks
- T T T vy T L | L

m of test........".. u 1L u LL l-l-
Fo of blowe/ehrinkage ¥.... LB 36 22 18 11
@tai.ner BOssssssscnssnnses ms 605 202 205 Jdl
wt of Wet soil & container,..g.. 30,0 33.2 36,0 35. 35.5
Wt of dried soil & sontainer g.. pé.1 29.9 3343 31.1 32.4
M Cohtljnel‘;--.u..--... E-.l 1".? 20.5 1¢0 2100 21.0
Wt ol dq' oad j"m} - - 11.2 9o!l 1003 10-‘ 11.]!
Wt of moisture (Wo/Wd) .....% 3.9 3.3 LT | | kT 61|
Moisture content 100(wn/wd)...5% 3.8 35.1 LS.6 L6,5 53.5
Ivpe of test FL PL FL
No of Rlows /ehrinkage ¥.ov0040. - - =
LContaingr ¥a | ’ Lo3 °
Wt of wet spil & containeT... g.. B4 18.9 25.7
Wt _of dried soil & container,.. [ 8.4 18.1 24,8
W of contaizer., & . i 1.5 4.8 21,1
Wt of drv eoi) (we) . 2.9 3.3 3.7 o
!2 0! mistm {m)vluuiol s_o. I 1.0 0:1 o_l?
| Moisute content 100(we/Wd)...% - | [3k0 2hie 2 . 2L, j
50 F = ; ‘
1] E -L-
N , LS p
3] =
&
[
L Lo -
o )
8 =3
£ 3
C B __
E + B
048 w5 @ Yo 5o

No. of Blows
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¥ATERIAL TEST ¢ Pillet = _cules

LIQUID AND PLASTIC LTITS, LINEAR SHRINKAGE

Sample NO¢esssses. Liquid Limi?.!‘afq“.......... Plastic Limit.?a‘.s......

Datessssssssssssse Plasticity 1."."")’-.3?.-!!--0--- Linear Shrinkagesesescse
Job.‘.".l‘l"..ll‘d...‘.l‘l DE&("ipticn Df scil N S NN NN

Siteesscecteressonsessncsrsrnsesssssrrsesnosnsssravsnsssssssnsssssnserane
L.X. Machine Noscsceccoceccossccccessesss Operater OKB

Propertion of sample retained on No. 36 B.S. SieVe sesscccecccsscccssass
No. of blows refers to ligquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

Liquid 1imit marked L.L. Plastic limit merked P.L. Linesr shrinkage marks
M of test...--.....u 11 11 11 11 11
pio of blows/shrinkage %...s LL 34 22 17 10 L
ContaineT ROy eoscscssesssas 15 7k 34 s 52
|yt of wet sofl & container...g.. [2heT 2.7 2.9 25.7 . 25.7
Wt of Aried s0i) & sortainer £.. 20,7 | 20,7| 20,2 20.0 20, 20,1
HL gf 22“1.1“9?_.;_.0--.--..-- . e 9‘21 9'2 9‘& 93,‘ S.OL 8.9
N . [n.s 1.1 10,6 11. 1.2
Wt Or moieture _('HI}H&) l.ll.x h'o !l.s l'" 5'3 5.
E_i’h.l.l‘. content 10‘0(“‘DM)..0% 3718 h0-5 L6.2 hG.S‘ SO
Dype of test Fl Fl Pl
Mo of Rloys/shrinkage ¥eeessses | - - -
LORLAIEAT N ettt it | L 30 17
Wt of wet scil & contaireri.. £.e ' 12.8 12.2 12.3
Wt of dried soil & container,.. [ 12.0 11,5 11.6
w ﬂt :nnta ‘n:: i ‘ o8 8.‘ 3.5 8.7
Wt of drv soi) (we) 3. 3.0 2.5
!E gf moisture (b)o.aoo-. E o : ota 0.7 0.90
| méﬂuu ant&nt 100(&&;1[\*!)...&5 " 3-5 23.3 ; 21501
so } [TH
2
N E 15
o . 7'
i
&
] Lo
- - M.~
8 -
o) 35 -
I = : ;
£ = + ol
30 = B
© 15 W 25 » i 40 50

No. cf Blows
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VATERIAL TEST !&: Billetaiic-les
JQUID-AND-PLASTIC LIVITS, LINGAR SHRINKAGE »

Sample NO--.-....- Liquld ijitloonh?.oaoo..oal..o- P]_as‘tic Limit-??fo.-...-

Dateesesssscnesess Plasticity In:!ax...??‘!’...... Linear Shrinkag€esecssses
JODececossesssccnnsscancerss Descripiion of S01) sescssscccscsccoaacanas
BitRisssssnossssassssnscsodsobaraebssssestsionsescestnnsdssssstnssedeness
L.L. Machine NOsesecescsecssssscsssassas Operator AWAISU M, K,
Propertion of sample retained on "io. 36 B.S. SieVE secsncncscccssscnanas
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

Liquid 1imit marked L.L. Plastic limit ma‘rked‘ P. L.' Li'ge; rﬁShrInkage marks
of faghuzcsvizayany 1 1 1 n| |n
pio of blows/chrinkage ¥oooo L6 3 25 18 i
|Container No,seeescecsaasee 8 213 201 201 209
Wt of Wet soil & container,..g.. |35.6 38,9 36,8 36,8 c.8
Mt of dried soil A container gu.|3+6 3.6 32.0] 3149 (.
Wi Gf CORUANATs:cessossssss Qosa|2leB]  [0WT 20.6|  |20.8]  [20.8
Wt of are soil (wal . 10,2 12.9 1.4 111 10,2
Wt of moisture (Wn/Wd) ceoos | U4a0 5.3 L.8 %) .8
Molsture content 100(wm/Wd)...% |38.5 1.1 k2,1 kb, k7.1
Rype of teat Pl Fl 3]
Mo of blows/ehrinkage Heseessee . - -
Contaizar Yoo siaada ! 39 5 32
Wt of wet s0il & container... &.. 5 23. 23. 23.1
Wt of dried scil & container... I i 23.3 23. 22.7
N of containeT isaisesess K oo { T 21.3 21,1 20,6
W of drv eoil (we) 2,05 +05 1.5
Wt of moisture (Wn).ieesece € oo ; 0.1_1_5- 45 0.L
Moisute content 100(Wm/Wd)...% ! 22,0 2.0 f21.1
so W

a s e

Il
AL

MOISTURE CON™ENT - FER CENT
!
e
/

6‘6
o)

i
sll 31
Gy
g B
i’:l
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VATFRIAL TEST ©OF Billei-Ccales
LIQUID AND PLASTIC-LIMIT", LINEAR SHRINKAGE

Sample Noe+.sees.. Liguid Limit. A9, . ...ccco. Plastic Limit. 22el.....
Dateeseecseresesss Plasticity Index....]?'}..... Linear Shrinkageeceescsee
JOBsasssssnssssscssasssssses DEeSCPiption 0f 8041 cessercssscscasvroneves
Sitlesceccrnrariscnsssosntanetsarcsccstsrscssssctsssatasaccssssssasassna
1.X. Machine NO.cssccsccnsstessesassssae Operator oxs

Praportion of sample retained on No. 36 B.S. Si€Ve ecessssssssccvscccnsnns
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkege.

tiguid limit merked L.L. Plastic limit marked P.L. Linerr shrinkage marks
'” Df test.‘lllil...l. 11 11 11 11 X 11
o _of blows/ehrinkage %.... Lk 36 23 18 2]
Container ND.;...--.--.---I m 2“ M 301 209
wt of Wet soil & container...g.. |33.9 37.0 36,2 34,9 36.7
r o ]30.6 32,0 n, 30.5 3.9
H! 21 gontaineresssessnscense E--a 20.n 2"3 20.* ?OIB 21,
\ 10,6 10.7 10,4 [10.2 10,7
Mof dex coil ()
wt of moisture (Wm/Wd) ..uo.$ 2.3 ke LY L.h L.8
Moisture content 100(Wu/Wd)...% |[31.1 39. Lo.4 k3.1 LL.9
Type of test 7L Pl Fl
o of Rlows/ebrinkage $eoesnsee = x: -
Coctaizer No kil Lok 203 209
Wt of wet soil & container.e. & PSels 25, 2L 3
wt of dried soil & container... 2k 2k, 23,7
”.0 21. 21‘1
Mo of container, sseiasssse £ oo i
Wi of drv sojl (we) | 3.6 j 3.8 2.6
mmtm_(m)....... ! .a ] 0.‘8 0.7 0.6
| Moieute content 100(wm/wd)...% ‘- L 22.2 20 J23a
LS ——t F ] ; W
- Lo
B b8 e
[
' 35
g y =z N
[ 3 - -
E e - = -]
25 e TE 1
© 15 w5 » 4o '50

No. of Blows
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MATERIAL TEST BX Billet - lciles
LIQUID AND PLASTIC LI'ITS, LINSAR SHRINKAGE

Sample Nossssssses Liquid Limit. 49N . 0uceuseo. Plastic Limite .23 ues
Dateceeescssosssss Plasticity Index... o8 ..... Linear Shrinkagesee:oee.
JObescansssasesrecsesnsvscse Description of 801l cceescccnrssssasnossnen
Sitlecsseacssvnsssresssssisneserssassisanssvessssae csessasissssasstncsan
L.X. Machine NOcsiscasccosscsscscsscacnnn Cperatoron“ulsu

Prgportion of sample retained on No. 36 B.S. SI€Ve ecceevsccscccsssccaces
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

[iquid 1imit marked L.L. Plastic limit merked P.L. Li.ne;r shrinkage marks
w of testisevaurecnsne 11 p 4 | 11 11 11
Rio of blows/ehrinkage ¥.... L6 38 21 17 3]
Container No,.sessssstaases 202 n M 208 310
Wt of Wet poil & contminer,..g.. |37.6 39.L 35.6 38.4 36,8
Wt of drisd snil & sontainer £.. 33.1 3,1 31 33.2 32.0 .
Wt of container..oeedsecesss &eos| 009 20.2 20.L 21.0 21.0
Wof drg eoid (wd) o 2.2 13.3 10,7] _|12.2 11,0
®t_of moisture (We/¥d) .....% L. Sed k.5 5.2 k.8
Mojsture content 100(Wm/Wd). .5 36. 38,1 L2,1 | k2.6 L3.6
Dype of test Fl F1 Fl
No of Rloys/ehrinkage ¥eeeossse - - -
IR R s st L Los a2
wt of wet soil & contairer,.. &.. ' 23.3 17.9 24.0
wt of dried soil & container... 22.8 17.3 23.4
n n‘ Gﬂﬂ&llm:uuuuun s . 20’3 Il" m.a
Mt of dry soi) (we) | 2.2 2.6 2.6
Mt of poisture (Wo).eeeeee & oo l 0.5 0.6 0.6
| Moisute content 100(Wm/Wd).. % h 22.7 23,1 23,1
-=_ v i
—
— =
= e
T
; E LS
o
B
e
I w =
r z
= . L -
e
& E -
£
£ = =
- |
g 3
30 e T
10 15 o 25 » 4 ' 50

No. of Blows
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MATERIAL TEST 10X Bi#llet scoles

LIQUID -AND PLASTIC LIYITS, LINGAR SHRINKAGE
Sample NOsesvsssonas quuid Limiticsceasoesssnnsss Plastic Limit-?l.".‘.....-
15.1

Datessssscanrssnene Plastici‘ty IndeXeasosvessnse Lin_ear Shr%nkage.lato.on
JODessastsssssssscssssnssnnsens DC‘SC‘.",‘;tiCR of secil 1%’11&"»’“"”...-.-...

24§ 7 PR P e g AU S o Oy it P S gy S PR SO -gy
L.L. Machine NOeeeeeseeevsssosnnsennsssas Operator OKe ¢ AWAISU
Propertion of sample retzined on No. 36 B.S. SIi€Ve svcsssssovsssascsasns
No. of blows refers to liquid limit determination.

Shrinkage ¥ refers to linear shrinkage.

Liquid 1limit marked L.L. Plastic limit merked P.L. Lineer shrinkage marks
T T T Ty L L | L

ﬁ'” of t!!t..o.a-a-.-oo 11 11 ll 11 11
[o_of blows/ehrinkage %.... L2 32 23 16 1 ]
Contain!r M.llnuvvorio-lo- : 1(& hoz _h_“ 201 _}ﬁ
¥t of Vet gof) & container...g.. PO° i 3506 _135.5] o5
Wi of Aried soi) & container g, |3Ue8 32.2 31.3 31,1 30
Wt of contajners.csceesccass Eioo|Zlel 20.4 20.5 20.9 20,8
" 13.7 1.8 10,8 10,2 9.3
Wt of mcisture (\-Ill;’\"d)_.....!‘ L.y L.} k.3 L.l kL
Moisture content 100( W/ Wd). s [3he3 37.8 39,E k3.1 L7.3
Type of test n n 1
Xa of hlan“_[ﬁl’ﬂ"id‘t&ﬂ!’ }Tca-l..oo - - -
Cartairar Mo Zoalil = 200 hm L01
| Wt of wet soil & container... €.« 18. ) M | 24.9
Wt of dried soil & container.,. 17.7 2L.0 2.2
m nl‘ gantainer " . £ se 21!-1 "l-a 21,0 21.3
Mt of drv soil (we) | 3 2.9 3.0 2.9
wt of Eiature (wm)....... E oo 0:1 0.7 0.7
| Moicute content 100( W/ Wd ). « 5 A 2&-1-‘ 23. | 2k
50 ' , { Wi
: :
2 L5 =
g
B
P .
| Lo
:—8 = -
@ 35 T -
E = s
= =~ | — n &
g i
30 = Semagby '8 1
0B 15 0 25 T e 5o
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MATERIAL TEST 2% Cement (Lems)

LIQUID AND PLASTIC LIVITS, LINEAR SHRINKAGE

a. -
Sample ND...-]..G- quuid Limit..?..s....a..-.... Plastic ijit.??..‘......

Da‘te&l..“...;..-. P]asticity Index...z.'?--.-n. Linear Shriﬂkase.oocn-..

JODsebasssosessasssecscnsese DESCription of 8011 ecceevsvrsocsssasesecrsne
SltPilscccrivntssecscsatstocacsstnitssscnstsnsiissstnsstsssssstassassssate
L. L Machine NOssescacessscsassasscssnes Operator

Propbrtion of sample retained on No. 36 B.S. SIiEVE setreccrcrsenrscannss
No. of blows refers to liquid limit determinpation.

Shrinkage % refefrs to linear shrinkage.

&uid_ limit marked L.L. Plastic limit marked P.L. Linesr shrinkage marks
Bl L] L . . 2
!HE Of t!!t...-..-.-... u LL u‘ LL I_IP
Eo of Blows/shrinkage %.... L3 32 24 16 1 i
Container ne....looloilllll 11‘3 172 173 - 175 157
|t of wet soil & container...g.. [23.9 2L.0 22.5 23.8 25.6
; 2 5011 4 ta o 19,7 19.8 18.6 19.3 20,5 ‘
M containerysesscssssanns Heoo a'h B'h 803 8.1 8.5
: 3 R 11.3 1.k 10.3 11,2 12.0
W of moisture (Ma/W3) ... | k! L.2 3.9 k5| X
Moisture content 100{wm/Wd).. .5 [3643 36.8 3. L0.2| k2.5
Dype of teat : FL FL FL
o of blowe/shrirkage ¥eecoezee ; » - -
Lontaicaex Mo . faaalas o '! 177 ”19 1!a0
wt of wet £cil & container..s €. 1.8 12,1 12,2
Wt of dried soil & container,.. i 11,0 11,3 1.3
Niof containeT, saaessiess £ oo 8.7 8.7 E.8
Wt of dry soil (we) : 2.3 2.5 2.5
Wt of mist_t_:__re (_“n)_.a-ot.l_!__ " | oou‘ 0.9, 0.9
[ Moieute content 100(wWm/wd).. % 3L.5| 36.0 - ,]36.0
hs Wi c
L&
3 : = |
i Lo
S a
8 o
E = p
— i uy -
£

35 - : —_— — e 454
I 15 w5 » g 5o
No. of Blows
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MATERIAL TEST
LIQUID AND PLASTIC LIMITS, LINEAR SHRINKAGE

Sample NOssssssntos Liquid Lirni‘t--z,-‘?-n-.-.-u-. Flastic Lil‘nit-

L% Cement (8gas)

2L.5

Datessesovevtcnloe PlastiCity Inj"‘x-o-‘-s-.?----lo Linea!‘ Shrinkase..--lo-.

Jobll.il....tlllll.-.topoo.o :E") "if.tion Or Scll rrs s e sns s s nnannanshann

Site.‘.oocltococutcao-ooc-o--- ---------- O

LA R R N R N NN ]

1]
L-L Machine NOsosnocossiesonasossnnnsnsos C‘per‘atbr
Proptr£ion of sample retained on No. 36 B.S. SieVe sceccaccascsnssnssnsns
No. of blows refers to liquid limit determination.

Shrinkage % refers to linear

shrinkage.

[iguid 1imit marked L.L. Plastiec 1imit marked P.L. Linesr shrinkage marks

of test.oseccjonnes LL L LL LL LL
o of blows/shrinkage ¥.... L8 | L8 |38 2k 1. al
cﬂnt‘mr ”0.;000.}--.!.0.. h°1 l‘m 308 h02 203 2“
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