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This work was aimed primarily at stabilising A-7 laterite using
bituminous emulsion (MS?) as the main stabilizer Also, MClL and
cement stabilizers were as well used for comparative purposes.

The prooperties of the stabilized soils were determined by means of
compaction, CBR unconfined compression and water absorption tests©

Fom the analysis of the results, only cement was able
to stabilize the soil to meet the specifications for base course.

It is conclusive that 3 to % of mulsion M) and MA ara
economically suitable for the stabilization of the oil to achieve
the specifications for sub-base materials only while a maimum

cement content of 3% is desirable for base course.
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CMAPTER 1

INTRODUCTION

1.0 Qeneral Introdyction: Laterites, as soil rather than a well

defined material, are most commonly found in the leached soils of the
humid tropics. They are formed as a result of weathering procesas

typical of laterization; the important factor being the dacomp;sition

of ferro-alumino silicate minerals and the-deposition of the sesquioxides

of iron and aluminium (Gidigasu, 1976).

Most lateritic soils in their natural states are at best suitable
mainly as sub~base course materials where roads are expected to carry
heavy wheel loads, This constraint in the nvailahiliéy of standard base
course materials may be overcome by designing the road to fit the sub-
standard site nateriai, or replacing the sub-standard material with a
standard fill material, Alternatively, the unsuitable site material may
be improved by the application of additives which are normally mixed with
8oil in predetermined economical proportions to achieve favourable
modifications of the soil properties (i.e strength properties). This

process is termed stabilization,

Different types of stabilizers have been used in different parts of
the world to enhance the engineering properties of laterite (igh, 1962).
The most common ones are cememt, lime and bitumen (Rahaman, 1968),
However, the choice of a particular stabilizer depends on the soil type
and degree of effectiveness of the stabilizer, [t will be the target of
the construction engineer to use an economic percentage of a stabilizer
to achieve the desired strength, permeability and durability of a base

course.



Bitumen can stabilize soils by acting either as a water-proofing
agent (sealant)or a binding agent (lubricant/adhesive). 1In the
waterproofing applicatipns, bitumen is mixed with a cohesive soil
which has a useful mechanical strength at a given moisture content. 1In
such a case, the strength of the soil is preserved by the bitumen which
seals the system against moisture changes. 5Such applications are
uncommon., Most often, bitumen is aprlied as a binding agent for non-
cohesive materials which may range from a dense continously~graded

crushed rock system to local sand (Williams, 1968),

Cement is commonly used as a stabilizer bacause of its effectiveness.
Ola (1974), concluded that cement is the most effective stabilizer of
all the stabilizers for the greatest range of lateritic soils found

in Nigeria.

Lime, though often used as a stabilizer, is wery costly, As

such, it was not considered in this research work which was aimed at
providing a cheap stabilizer for a particular case of a lateritic

soil, A-7 type.



1.7 Literature Review:

A lot of work had been done in soi1l stabilization, and the results

of some 6f them are briefly discussed in this section,

In designing a road structure which comprises a layer of stabilized
goil with a bituminous surfacing, it is first necessary to establish
whether the stpucture will behave as a rigid or as a flexible base, that
is, whether the stabilized soil acts in a way similar to a matertal like
a hard core or prushed stone (Maclean et al, 19%’'), The essential
difference between the two types of base 1s that the rigid base has
sufficient flexural strength to enable it to bridge local areas of the
sub-grade which are not affording full support to the base, whereas the
flexible base has a small flexural strength with the result that the
base remains in full contact with the sub-grade at all times. This
means that a rigid base acts as a perfectly elastic material when
subjected to stress conditions fop which it has been designed (Maclean
et al 1952)., The deformation of the sub-grade, on the other hand,
is generally not entirely recoverable ow rg to the plastic flow
of the soil, In the case of a flexible bases the material has a very
small flexural strength similar to that of a soil, with the result
that after the application of a loaded wheel, the base assumes a

permanent deformation equal to that of the sub-grade,



Hubert (1953), in his soil stabilization work, concluded
that in the consideration ef the properties of different types
of stabilized soils that are commonly used, only cement-
stabilized soil possesses a significant flexural strength, the
values in the case of bitumen-stabilized and mechanically~-
stabilized soils being negligible, Thus, the latter two types of

materials behave as flexible materinls,

The two principal tests used in Great Britain for measuring
the strength of stabilized soils are the test associated with the
California Bearing Ratio (CBK) method of pavement design and the

test for measuring the unconfined compressive strength (Maclean

et al, 1952),

In the CBR test, the standard material which was employed by the

originators of the test was a well-compacted sample of crushed

stone which is known to be a satisfactory baie material, when

covered with a bituminous surfacing, for roads carrying heavy

.

traffic, Reference to the CBR design curve for main roads shows
that a base is required to have a CHR of only 60% percent to give

a satisfactory performance when it is covered with a bituminous

surfacing that is about 10¢m thick (Hubert, 1953),

The unconfined compressicn test is normally used in
stabilization mainly to investigate the suitability of soils for
stabilization with cement, for which it is usual to measure the

strength of specimens cured at a constant moisture content



and temperature for 7 days. Hubert (1953), concluded that under.thesn
conditions, a minimum laboratory strength of 1760 KN/m2 has been
found to be a suitable critericn for ensuring satisfactory
performance of the material in the construction of secondary

roads, Furthermore, he surmised that a field strength at 7 days
of about 1050 KH/u2 has proved adequate for a soil-cement base

covered with only a surface dressing,

Another significant factor to be considered in soil stabilization
is the weathering effect (Carter, 1944), Whether the CBR or the
unconfined coupre;aion test is used, the effect of climatic
factors can be examined by suitably modifying the test procedure,

This is necessary to examine the softening effect which can occur
in bases under a pervious surfacing. The weathering effect is
normally simulated in the laboratory by immersing the specimens in
water fog a period before measuring their strength, Under an
impervicus surfacing, the base material ip many climates tends to
an average moisture content which depends on the ground wafer

condition (Hubert, 1953).

There are several soil stabilizers in uwse but this work is

restricted to three; cement, MC1 and MSZ2,

In soil stabilization using portland cement, the proportions
of cement added to the soil usually range between 5 and 15 percent
by weight of the soil (Maclean et al, 1952). Secondary additives
are sometimes necassary to produce a stabilized soil with the

required characteristics; these are usually employed in proportions



of 1 to 2 percent by weight of the soil., Wwhen mixed with soil,
Portland cement usually hydrates normally to form what may be
regarded as a large number of rigid bonds in the soil (Hubert,
1993), 1In soils like laterites which contain a certain amount

of clay it is not possible, with the normal propertion of cement
used, to do more than bond aggrewations of the particles so that
the stabilized scil comprises a combination of rigid cement

bonds, which are unaffected by witer, and of plastic soil bonds
whose strength is reduced by an i1ncrease in their moisture
content, Maclean (1952) surmised that the uncoanfined compressive
strength of soils stabilized with 10 percent of normal Portland
cement may range at an age of 7 days from about 700 KN/uz with
well-graded granular soils to less than %0 KN/m2 with some heavy
clay soils, when they are cured at a constant moisture content,

In the case of stabiliged soils 1mmersed in water, the corresponding
strength of granular soils should be sligthly affected, but a more
pronounced reduction in strength is usually obtained in the case

of stabilized clay soils (Maclean et al, 1952).

Hubert (1953) surmised that in order to keep the strength of
the soil within the prescribed limits, the cement content of the
stabilized soil should be about > percent or even less, Righer
percentages of cement will lead to stronger materials which can be
liable to form more widely spaced and therefore more open cracks

that do not permit adequate interlocking, and thus leading



to a seriously defective road structure. In the stabilization of
lateritic soils, an improvement i1n the properties of the stabilized
s01l can be achieved by the addition of avout 2 parcent of

hydrated lime (Carter, 1944), This also has the effect of
reducing the plasticity of the clay and making the soils more

amenable to mixing with cement,

There are two main forms of stabilizing soils with biétumens,
the object in one form veing to obtain a material with a higher
stability than that of the soil itself and in the second to
increase the resistance of soil to the agbsorption of water and so
assist in the preservation of the natural stability it possesses
when in a dry and well-compacted condition (Hubert, 1953), Various
laboratory investigations have shown that bitumens are most
successful in providing increased stability in the case of clean

granular soils such as gravels and sands.

In the case of laterites and other clayey soils, the function
of bitumens appear to be more of replacing the cohesion<imparted by
the pore water by the higher cohesions of films of bitumen
(Hubert, 1953). To achieve a satisfactory result in bituminous
stabilization of clayey soils, less than & percent of bitumen,
which 18 either rapid- or medium-curing type has been recommended
(Williams, 1968), The increased resistance of clayey soils to the
absorption of water is believed to be caused by the formation of

a film of bitumen on the surface of water in the pores of the smoil,



The entry of water into the soil 15 hindered by the resistance

of this bitumen film to displacement.

Paraffin wax added to bitumens helps to form fiimsof
greater rigidity, and waxed bitumens have been marked especially
for the waterproofing of lateritic soils (Hubert, 1953). These
are usually employed with 71 or 2 per cent of hydrated lime whose
function is to flocullate the clay particies in the soil, and
thus bring the soil to a condition more suitable for the

effective use of the bitumen,

The choice of stabilizing soils normally result from
economic considerations, In Nigeria where lateritic soils are
common and easy to win, it may be cheaper to resort to soil
stabilization rather than hauling gravel, crushed stones or
other fill materials over a considerable distance, Cement and
bituminous materials mostly cutback bitumen and shelmac, are
common stabilizers that have an extensive application in this
country (Olay 1977). These stabil!izers act by improving the soil,
thereby preventing the absorption of water wnich can lead to

failure in the strength of a road structure,

Johnson et al (1964 ), in a road construction work in
northern Nigeria, concluded that oituminous materials are
particularly favourable in the stabilization of cohesionless

sand which could be problematic if a cement stabilizer is used,

In a bituminous stabilization work carried out by Williams (1968),

he concluded that a clean well-graded material is
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advantageous to use, Furthermore, he asserted the choice of using

bituminous materials over cement in stabilizing sand thad is

predominantly single-sized with a coefficient of uniformity that
is less than 3, An inherent problem in such a soil type is the

lack of internal friction or cohesion,

Dunn (1971) obtained satisfactory results from a soil
stabilization work and goncluded that lateritic soils can be
stabilized effectively by using about 4 to 7 per cent cement for a
base construction, However, for sub-base materials, Gidigasu
(1976) suggested 1 to 3 per cent bitumen, 0,5 to 4 per cent cement
or lime as modifiers and 4 to € per cent bitumen as waterproofing
agent, He further suggested that in soils having liquid limits
that range between 20 and €60 per cent, as in tropical clayey
gravel soil, the soil can be stabilized to meet the standard for
road bases by adding about 4 percent by weigih of either cement

or hydrated lime,

Though qualities of bituminous stabilization that are nomally
sought include prowision of cohesion, resistance to soaking or
swelling, and the ability to penetrabe and adhere to the soil, one
major problem is, however, the vagary of climate (Lee, 1974),
Pract?cal difficulties have occurfd in areas subjected ..

frequent, high or irregular rainfall (Katty et al, 1960; Bdwards, 1968),



1.2 1Importance of the Project:

In many countries, including Nigeria, where lateritic gravels
are found abundantg, such gravels are good for gravel roads.
However, they are too plastic and variable to provide = _andard
road base under a bitumincus surfacing. Owing to ack of
suitable base and subgrale materials, burrow pite are normally
employed, which may be accompanied by large haulage distar s
that can increase the cost of contruction tremendously., For this
racson, atabilization of availavle lateritic soils, which are

comrcn, ie important,

A lot of stabilizers are currently being used.s They include
cement, lime, bitumen, calcium chloride, sodium silicate, fly ash,
etc, Howewer, some of them, for example lime are very expensive,
Since Nig ~ia is a petroleum=producing country and has a lot of
bitumen as a by-product, which is relatively inexpensive, there is
need to adopt L.‘tuminous stabilization, especially in the northern

paris of the countr s where sandy and lateritic soils are common,

In Nigeri , bitumin-ous stabilization using cutback or shelmac
is lurgely in use (Ola, 1977). But the use of bitumen emulsion for
the stabilization of late. tic soils is not vell documerted, Hence,
thie reseoith work was direc.ed towards an effective use of bitumen

emulsion, MS2, for stabilizing A-7 laterite,
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1.3 Aim of the Project:

Primarily, this project was aimed at improving the strength
and other desirable properties of A-7 laterite using bitumen
emulsion, M82, In view of this aim, it was hoped that the

following objectives would be met:

( i) To find the range of percentage of bitumen emulsion
needed to stabilize the laterite to meet the fill,

sub-base and base specifications,

( ii) To find out an economic percentage of the emulsion

needed for effective stabilization, and

(iii) To draw a parallel between the results of using an emulsion

for stabilization and those of using MC1 and cement.



CHAPTER 2

METHODOLOGY AND SOTL STABILIZATION TECHNIQUES

This section entails the laboratory method of investigation,
The methodology and some common stabilization techniques normally

used are described below.

2.1 Methodology:
Figure 2.1 is the geological map of Nigeria showing the study

area, Samples of laterite were taken from burrow pits at depths
of 1m below the ground surface, toc avoid organic matter, at the new
hospital sik A.B.U., Zaria, Vatious laboratory tests were performed
in accordance with the British Standard (BS) or American Society of

Testing and Materials (ASTM).

These tests include the following:

(a) Moisture contentgnd spedific gravity tests,
(b) Atterberg limit tests,

(¢) Grain sise analysis,

(d) Determination of the properties of the bitumincus stabilizers,

(e) Compaction tests to determine the relationship between the

dry density and percentage of stabilizer content

as well as the relaticnship between hhe optimum moisture content

and percentage of the stabilizer content,

(f) CBR tests for soaked and unsoked conditions,
(g) Unconfined compression tests for soaked and unsoaked.
samples and

(h) Wate: absorption tests,
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The percentages of the stabilizers used were: O, 1, 3, 5, 7 and 8,
Higher percentages were not necessary because the bituminous

stabilizers will tend tc saturate the scil samples.

2,2 Modes of soil Stabilization:

There are several methods of stabilizing a soil, A particular
method to be employed depends on. the properties of the stabilizer to

be used.

Sandy and silty soils may be stabilized by drainage method
or the injection of slurries or solutions into the voids of the soil,
These injected materials harden to varying degrees and impart
cohesion to the injected soil. Since they partly fill the voids,

these stabilizers reduce the soil permeability (Moh, 1962).

The injection of cement grout in stabiligzation has shown
that the method may lead to satisfactory results only if the goil
is relatiyely bomogenous and unstratified, and if the grain size is
not too small (Schroeder, 1975)., The grout will not penetrate the
voids of a loose scil with an effective size Djg lesa than about
O0.5mm or a dense so0il with an effective size l;as than about 1,5mm,
thus cement grouting is not appropriate for soils much finer than

coarse sands,

Although grouting soils with clay slurries has been attempted,
it was found that the penetration of the slurries is impeded by
the formation of a filter skin that seals the voids (Moh, 1962).
The developmant of the filter skin appears to be strongly

influenced by the electrnlytes present in the ground water; this
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influence introduces an element of considerable uncertainkty
regarding the effectiveness of the procedure, Though grouting
with clay slurries may greatly reduce the permeability of a

sand, it does not significantly increase the strength,

Stabilization of scils by the injection of chemicals has
a wide practice, A common procedure comprises the successive
injection of solution of water glass and calcium chloride
which react with the soil to form a coh@sive binder (Schroeder,
1975). 1In a variation of this methcd, a single solution is
injected containing a buffer that delays and controls the time
of setting. These methods are highly successful in clean
relatively homogenous sands having an effective size greater
than O,1mm, but the efficacy of the procedures decreases rapidly
as the grain size or the homogenity of the sand decreases, Also

it depends greatly on the chemical composition of the groundwater,

Furthermore, considerable use can be made of polymers that
are mixed with catalysts and retarders before injection and that
react after a lapse of time to form an almost imperwvious gel
(Schpoeder, 1975), However, all the injection procedures are

expensive and, even under favourable conditions, are uncertain,

Generally, if the coefficient of permeability of a soil lies

K

about 107 and 10"6cn/soc, no injection procedure is satisfactory

(S8chroeder, 1975). 1In such a case, stabilization may be achieved

by electro-osmosis, which is an electrical method
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for creating seepage pressures and producing consolidatien,

It may sometimes be possible to render soils impervious
and atable by freezing the water in the voids (Schroeder, 1975).
This method has been used extensively in sinking shafts or in
tunnelling, but it has also been successfully empleyed in the
temporary stabilization of a large landslide in silt, Freezing
is accomplished by circulating a refridgerant through a series
of double pipes inserted in the soil to be stabilized. The
process of freezing may take several weeks or months, as such,

this method of stabilization can be very expensive,

Laboratory stabilization methoda can be classified generally

into five groups, They are:

(1) Proportion:
This is the proportioning of soils, after compaction,

to give the desired results,

(2) Modifying Agents:
These modyfying agents improve the soil enhancing its

performance, An example of a modifying agent is lime,

(3) Cementing Agents:

When cementing agents like cement, lime, or fly ash are

used to stabilized a soil, they increase the strength and

stability of the soil, Bituminous stabilizers add

binding qualities to non-cohesive moils like sand,

(4) Water-proofing and Repellant Agents:

Bituminous materials are normally wsed for the purpose of

waterproofing {8throeder, 1975). They minimize the



with a repelling agent such as vinsol resin, which prevents water
from infiltrating the stabilized soil by coating the soil particles,

the stabilized soil will be waterprocof,

(5) Water Retaining Agents:
For sufficient stability and strength, some non-cohesive soils
need a minimum amount of moisture below which they become
loose and less stable (Schroeder, 1975). Some additives
such as calcium chloride, when added to a soil will continue
to absorb moisture from the atmosphere and thereby maintaining
the optimum moisture content of the soil, Also, treatment

with calcium chloride reduces dust nuisance on laterite roads,
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CHAPTER 3

LABORATORY TESTS

3.0 Tests Carried Out:

As earlier stated in chapter one, the essence of this reseath
work is to determine the effectiveness of stabilizing A-7-6 laterite
using a bituminous emulsion (MS2) instead of the more conventional
types of stabilizers, The properties of the stabilized soil will be
determined and correlated with some recommended standard for base,

sub~base and fill materials,

In view of the above aim, preliminary tests were carried out
on the soil samples, These tests included the determination of
the natural moisture content, specific gravity, particle size
distribution and Atterberg limits of the soil, Further tests after
stabiliziug the soil included the oompaction test (Standard Proctor),
water absorption tests,
California Bearing Ratio (CBR) test amd unconfined compression test,
Also a brief identification test was carried out on the MC1 and MS2

stabilizers used, The results are presented in the following sections,

3.1 Determination of the natural moisture content and specific gravity

of the soil:

Tests were conducted in accordance with B51377: part 231 1990,
The natural moisture content and also the specific gravity of three
samplesof the s0il were determined, The averages of the results
were calculated and presented as shown ihA d.ta sheets 1 and 2

(see Appendix A), A summary of these results is as shown in table 3.1,
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Table 3,1: Natural moisture content and specific graviiy of the soil.

Type of test Samples Average

A B [
Natural moisture
content (%) 6,60 6,70 6,80 6.70

Specific gravity
ﬂ'h. 5011 2.39 2.“6 2."5 2-"1*

3.2 Determination of particle size distributicn of the soil:

Bp using grain size analysis, the perticle = ze dietribution cf
the s0il was deVermincd, The procedures of anulysis us.d were
those of combined analyses, which entail sieve anl hydrometar

mathods,

The sieve method consists cof shaking the scil through a stack of wirs

screens with openinga of known mize ; the dafinition of particle

diameter for a sieve Lest is, hencze the defirition cf . square hole
‘Tambe, 1951), The hydrometer method is baued cn Stoka's equation

for the velocity of a freely falling sphere. The definition of

particle diameter for & hydromete~ test is, he=ce, the diameter of

the aphere of the same density which falls at tha sume velocity as

the particle in question, The combiaed analyei: smpig@lys both the

pieve and hydrometer tests, therafore the definiticn of particle

size is the size of a square opening for the larrer gra.ns and the

diameter of the equivalent sphene for the smaller moil particles



(Lambe, 1951). For the general procedures employed, see BS 1377;

Part 2: 1990,

The result of the sieve analysis is recorded in data sheet 3
(see Appendix A) while that of the hydrometer (sediment:“ion)
an yais is presented in data sheet 4, The combined results are

presented on data sheet 5,

To calculate the particle diameter, D(om};, % a given time,
T(min,), in hydrometer analysis, Stoke's law was used as follows:
D.‘(%)” L N B A B I O N B I L I ] }-1

where Ka 18n .--o-ooaoo-noo-ona--ao-l03.2

8= Jw
n = the viscosity of the suspending medium,
3; and ¥, @are the unit weights of the soil solids and water
respectively,

L = effective depth,

Let P be the fraction of particle finer than D. Hence P can be

expr. ssed as:

Pﬂ‘gc LR R N )03
where a = 1-53-00205 R N N I A R 5.“

“C'Ra + C. '.'Ht -X +cw R N NN N I 3-5

R = Corrected hydrometer reading

R = Reading at the top of miniscus

C = Miniscos correction

X = Dispersing agent correction

C = Water density correction

Gb- Specific gravity of the solid soil,

W = Oven dry mass of sedimentation sample

M = Temperature correction,



For the hydrometer No, 773%122 used,

Ht = 0,5
x = 1}.0
c = 1.8
w

c =0
L.

From equation 3.5, hence,

Rc .23-1.? M N 5-6
Fraction passing the 2mm sieve = -%—
where Ho = Groes mass of soil

M1 = Mass passing through 2mm sieve,

The graphical presentation of the result of sieve analysis is as
shown in figure 3.1,
For the sieve analysis of the soil, the fractinn of the soil

retained on a sicve is expressed as:

Fraction retained = mass reazined gn o eve

where M2 = mass used in sedimentation analyeis.

fraction finer (of total sample) = {l-cummulative fraction retained).

From hydrometer analysis,

Fraction finer (of total sample)=P, -r;—

For the combined analysis,
Uniformity coefficient, Cu = % essassscssssse D7

Coefficient of curvature, Cc = sng )2 . 8

=
LU B

DEOXD10
where D10= maximum particle size of the smalleat 10%
(by weight) of the sample (+ffective size)
D30 = maximum particle size f the smalleat 30%

D60 = maximum particle size of the smallest (0%



*@3FI838T L-Y JO UCI3NQGTIISIP 94Ts @T10F3Ivd ¢ OId
(ww ur)azis uibiy
Z 0190 ¢0 0S00 00 0o 2000

i s s i A

i

- 0l
- 0
0t
+ 07
L 0S
- 09
- 0L
- 08

06
L 001

buissod abojuadiad



3.3 Deterpination of the Atierberg limits:

The liquid "imit is the water content at which the soil has
such a small shear strength that it flows to close a grove of
standard width when jarred in a specified manner, The plistic
limit is the water content at which the soil begins to crumble
when rolled into threads of specified size (Smith, 1978), The
plasticity of a soil is measured by the plasticity index, which is

equal to the liquid limit minus the plastic limit,

The procedures for these tests are in accordance with
B.S 1377; Part 2; 1990
The liquid limit (LL) can be expressed as:

LL = ',.(555-) 0, 121

IR RN NN NN NN RN N 3.9

where 'N = the water content of the soil which closes
in N blows in the standard liquid limit device,
From the lab data, LL= 42,0%(Moisture content correaponding to
25 blows),
Plasti~ity index, Ip, = LL = PL seescccesens’, 70

where PL = Plastic limit (24,9%).

Group Index = (X-35) f 0.2 + 0,005 (LL-40) g + 0,01 (X=15)(Ip=10).0se3.11

vhere X= percentage passing No, 200 siecve, expresned as a

whole number,
The results of the Atterberg limit tests are recorded in data
sheet €, A summary of the properties of the Soil determined is

shown in table .2,



Table 3,2: Summary of the propertics

of the soil,

Test Result
Liquid limit, LL b2,0%
Plastic limit, PL 2h.9%
Plasticity IBdex, Ip, 17.1%
Group Index T
Specific gravity, Gs 2kl
Natural water contemt 6.7%

Since the plastic limit (PL) is less than 30, the soil is

classified as A-7-6 laterite,

3.4 Determination of the properties of the bituminous emulsion

SMSZ} used:

The test was performed in accordance with B.S 43431984,

The summary of te results is shown in

table 503-

Table 3,3: Results of the properties of MS2 in comparison

with specifications:

Test carried out

Results

Specifications

Test on emulsion

Viscosity, Saybolt Farcl at 25° (sec) 100

Storage stability test, 2k<hr (%)
Sieve test (%)

Residue by distillaticn (%)

Test on tesidue from distillation:

Penetration at 25°C, 100g, 5 sec.
Ductility at 25°C, Sem/min,cm

Solubility in trichloroethylene,%

0.5
0,08
€5

140
45
98.0

(O*Flaherty,1974)
100min
1 max.
0,10max.

5 min-

100-200
40 min,

97« 5min,
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3,5 Determination of the properfies of the Cutback hitumen (MC1) ured:

The procedure for this test is in accordance with BS 434;
1984, A summary of the results is as shown in table 3,4 that
follows., The lab result of the specilic gravity duteruination is
presented in data shest 7,

‘Tnble 3.4 Results cof the propertiemof the MC1 in comparison

with aspecifications:
Teat carried out Results Specifigations
(BEdwardas, 1963)
Flash point (°C) 90 37.8
Viscocity at S0°C (secs) 75 75
lubility in CCL, (%) 99.0 99.5
| Specific gravity 1.01 0.97-1,04

3,6 Determination of the maximum dry density and optimum moisture

content (using the standard Proctor compaction test):

For the detailed procedure used, see P.5. 1924; Part 1: 1990,
The relationships between the moisture content, bul't density and dry

density are as follows:

Y = 'U + H'

b .‘...l....l..“..'..-l...).12
v
!d ‘ws ....l.....'......‘.......5.13
v
W = Uw
Ws R T

where

LS

Yd = dry density of the soi’

= bulk density of the soil

W = moieture content of the soil
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WH = weight of water in soil

UB = weight of dry soil

VvV = volume of moufd (or soil in the mould)

From equation 3,14,

H' =Wﬂs

substituting the above expression in equation 3.72,

YD =" (1 +w)|!0...00|lo..o.lllt 3.15&

<|

Y » b '.O'...II.‘.I..ll-.I..3'15b
TEW

The graphs of dry density plotted against moistur. content are
presented in Appendix B, Summaries of the results of the Proctor
compaction tests on the goil stahilized with bitumen emulsion, MCA

and cement are as shown in tables 3.,53.7.

Table 3,5: Effects of emilainn on compaction

Stabilizer content(%) OMC(%) MUD (ig/m>)
0 19,2 17.0
1 18.9 171
3 18.4 16.9
S 17.9 16.5
7 17.5 16,0
8 17.3 16.2
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Table 3,6: Effects o. . on compaction
Stabilizer content (%) OMC (%) MDD {gg/nﬁ)
0 19.2 17,0
1 17.8 17.1
3 17.0 16.9
5 16.5 16.5
7 16.0 16.4
8 15.9 15.8

Table 3,7: Effects of cement on compaction

Stabilizer content (%) OMC (%) MDD (kg/m>)
0 19,2 17.0
1 19.9 16.9
3 20,4 10,7
5 20,8 16.6
? 21.0 16.3
8 21,2 16.0

The plot of the maximum dry density versus the stabilizer
content (%) is presented in figure 3,2, Also, the plot of the
optimum moisture content (%) versus the stabilizer content (%) is

shown in figure 3.3.

3.7 The California Bearing Ratio (CBR) test:

The CER test was developed as an ad hoc test by the California
State highway Department for the evaluation of subgrade strengths,
and was later extended to cover fill, sub-base snd ba:e materials,

The test is a measure of the shearing resistance of soil under
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carefully controlled density and moisture conditions and is used
with empirical curves for designing flexible pavements (@'Flaherty,
1974), Tt is expressed as a percentage of the unit load required
to force a piston into the soil divided by the unit load required
to force the same piston to ths depth into a standard sample of
crushed stone (Heady 1980). The test is usually carried out

using either soaked or unsoaked specimen,

Soaking of specimen is sometimes needed 80 as to subject the
s0il (or stabilized soil) to the worst conditions whic. gxist prior
to construction., 8¢, soaking is done to see whether the soil will
resist water se@page and uphold its streng'h when subjected to

severe water conditions that may la<t for hours or days.

For details of test procedure, see BS 1924: Part 1: 1990,
The results of the CBR tests are presented in tables 3,8, 3.9
and 3,10 (see Appendix C for the lavoratory data), The plots of
the CBR data values versus the stabilizer content(%) are shown in

figures 3.4, 3.5 and 3.6 for both oven-dried and soaked specimen,

Tavie 3,8: Results of the average CBR (¥) (oven-dried for 1 day)

Stabilizer content (%) Emulsion MC1 Cement
0 13 13 13
1 16 15 19
3 26 28 35
5 2k 27 38
7 19 18 4O
8 13 12 Lk
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Table 3,9: Results of the average CBR (%) Oven-dried for 7 days)

Stabilizer content (%)

Bnulsion MC1 Cement
0 34 3k 34
1 39 23 80
3 4O LS 10
5 k2 95 130
? b3 16 135
8 29 13 140

Table 3,10: Results of the average CBR (¥)(Soaked for 7 days)

Stabilizer conteant (%) Emulsion MC1 Cement
0 10 10 10
1 11 2 12
3 13 14 13
5 12 13 23
7 10 12 38
8 9 9 41

Table 3,11: Tests on the soil and some recommended values from

Specifications:
Test carried out Results Sub-base specifications Base
Specification
Specific gravity 2. 44 £ 3 £3
Liquid limit (%) 42,0 Z£.30 <30
Plasticity Index (%) 17.1 £ 2 <12
CBR (unsoaked) (%) 34,0 230 )30
CBR (soaked) (%) 10.0 25-35 Z 7




- A5 -

3,8: The unfoncined compres ion test:

The unconfined compression test was carrieu out on the soil

samples, and for details of the procedures, see BS 1924:

Part 13 1990,

The change in specimen length, L, can be expressed as:
3B WD orisisesaserinenisranaaneenas B0
where
a= povement of the top of the proving ring,
= K( in mm per revolutiolm) X no of revolutions,.
K is a property of the gear box, and is found by
caliberation (Bishop and Henkel, 1982),
b= compression of the proving ring
= proving ring dial reading (mm)- initial
proving ring dial reading.
The axial strain, E, can be expressed as:

E --%—-

-]
where 1b = ir.tial specimen length

(A R R R N N N 3.1I/

The average cro: -sectional area, A, at any point in time is:

l-Ao

'I.l'l...l.ll..l..I..l.‘.l...l.'l.3.18

1=-B

Where
Ao = the initial cross-sectional area of specimen

with a diameter of 3&,1mm,

A =K (38.1)° = 1.1 x 10 “On?
4(10)

The applied stress= %—
where
P = applied force
= (proving ring reading-initial
proving ring reading) x ring calil:ration

fa LOr.
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The lab results of the unconfined compression tasts are
presented in Appendix D. A summary of the results is given in tables
3,12 and 3,13 for specimen wax-cured for 7 days and also soaked for

7 days.

Table 3,12: Results of unconfined compression test (specimen wax=-cured

for 7 days)

Stabilizer Emulsion (HB2) MC1 ' Cement compressive

content % Compressive strength| Compressive Strength

(KN/m“) Strenqth (KN/m“)

(KN/m~)

0 330 330 330

1 L20 430 £950

3 450 450 900

5 500 510 1690

7 390 380 2080

8 350 340 2380

Table 3. 13: Results of unconfined compression test (specimen soaked

for 7 days)
Stabilizer Bmulaicn (MS2) MC1 Cement
Content % Compressive Compressive Compressive
Strength Strength Strength
(KN/m2) (KN/m2) (KN/m?)
0 60 60 60
1 70 80 540
3 140 150 500
5 210 220 590
? 240 240 690
8 260 260 770

The plots of compressive strength rersus stabilizer content are shown in
figures 3.7 and 5.8.
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3,9 Capillary water absorbtion test:

This test was carried out to determine the effigiency of the
stabilizers as waterproofing agents. 1t was performed in accordance with
BS 1924; Part 1 1990, The summary of the results is presented in table

3,14 and 3,15, while the graphical plot is shown in figure 3.9, For the

lab data, see Appendix E,

Table %,14: Results of water absorption test (using emulsion stabilizer)

Bmulsion Water absorbed as perceatage of oven-dried weight
content (%) 1 day % days 7 days
0 3-1 3.!‘ 3.6
1 2.7 2.9 3.2
5 1.7 2.2 2.!’
5 1.2 1.4 1.8
¢ 0.5 0.7 1.2
8 0.3 0.5 0.7

Table 3,151 Results of water absorption tests (using MC1 stabilizer)

MC1 content Water absorbed as percentage of oven-dried weight,
(%) 1 day 3 days 7 days
0 3.2 Bl 3.6
1 2.6 3.0 3.2
3 1.6 2.2 2.b
5 1.0 1.4 1.7
7 0.4 0.6 1.0
8 0.2 Ok 0.6
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CHAE R &

ANALY3IS OF RESULTS

4,0 Summary of the preiiminary results and comparieon with Recommended walues:

The summary of the results compared with some recommended values for
subgrade, sub-base and base specifications is as shown in table 3.11. From
the table, the unstabilized soil is generally not suitable for sub-base or

base material on account of the CBR result for the soaked sperimen,
The results of the stabilized samples are discussed below:

4,1 Compaction lests:

The compaction characteristics of the stabilized samplss in terms of
the variation of the maximum dry density versus the stabilizer content, and
also the optimum moisture content are presented in tables 3.4 = 3.6 and
figures 3,2 and 3,3, The effects of the three stabilizers used are discussed

in the secdtions that follow:

4.1.17 Maximum Dry Density:

From figure 3.2 the cement stabilized soil gave the highest maximum
dry density as from 5% cement content while at a lower content the other two
stabilizers (M32 and MC1) had higher maximum dry density, Generally the
maximum dry density is obServed to decrease with increase in the stabilizer
content up to 8%, This compaction characteristics occur owing to the effect
of both the grain size distribution and the specific gravities of the =oil
and stabilizer, Initially the stabilizers coat the soil to form large aggregates
which then occupy larger spaces, This consequently leads to decrease in the
maxinmum dry density as the content of the stabilizer is increased., However,
at high content, only cement, owing Lo .its high specific gravity, is able

to compensate for the larger spaces to give high values of maximum dry density,
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4,1.2 Optimum Moisture Content:

The variation of the optimum moistur -ontent with the stabilizer
content (figure 3.3) shows that the optim m moisture Content increases with
increase in cement content while it decrs 228 with increase in emulsion
or MC1, These results are so because of thie hydration of cement which
nﬂhnfly requires more water with increase :ncement while less water is
required in the case of the other two stab.lizers as bitumen does not react with

water,

4,2 California Bearing Ratio (CBR) Testss

The results of the CBR tests are presented in tables %,7 - 3.9, and the
graphical plots in figures 3,k - 3,6, 1In both cases of specimen ovep-dried
for seven days and those soaked for seven days, the cement stabilizer generally
gave the highest values of CER while the emulsion and MC1 stabilizers had
similar characteristics in the soaked condition, These results show that
about 7% of emulsion is required for a maximum CBR of 4%% in oven-dried
condition wWhile 3% of emulsion is nee¢ded for a maximum CBR of 13% in socaked
condition. Also, 5% of MC1 is required for . maximum CBR of 59 in oven-dried
condition while 3% of MC1 is needed for a maximum CBR of 14% in soaked condition,
As the CBR results for oven-dried condition are quite higher than those of the
soaked condition, the importance of humidity of the environment in bitumen
etabilization is clearly shown. Furthermore, if a CBR of about 80% (standard
Proctor compaction) is required for a base material, only the cement-stabilized
s0il will be accepted,
L,3 onfined Compression tests:

From figure 3.7, showing the variation Of compressive strength with
stabilizer content for the wax-cured conditicn, samples stabilized with
emulsion and MC1 have similar characteristics, A conteant of % emulsion or MC1

is required for a maximum compresaive strergth of about 500 KN/nz in this case,

The .oii-.coment gave a lirear relatior-hip wi‘h muech higher values of
comprassive strength than the other two stahilizers,



If the minimum permissible comuressive strength for base materials is
taken as 1725 KN/uz (for standard Proctor compaction), it is obvious

that only the cement-stabilized soil will be acceptable in this case,

The compressive strength values in the soaked condition (fig 3.8) are
quite lower than in the wax-cured condition, The soil-emulsion and soi}MC1
in soaked condition gave linear characteristics, Turthermore, at a high
stabilizer content, the compressive strength values for the wax-cured
condition and soaked condition tend to the same result, This can be
attribnted to the waterproofing effect of the bitumen which prevents

some water from penetrating to produce a further decrease in the soil

strength,

4o Water Absorption tests:

The results of the water absorption test are presented in table
3«12 and 3,15 while the graphical plot &s shown in figure 3,9. For
both the emulsion and MCl-gtabilized samples, the percentage of water
absorbed decreased with increase in the stabilizer content, Also the
longer the duration of the absorption test the higher the percentage of
water absorhed, These results show the waterproofing effect of both
emulsion and *21 as soil stabilizers, From figure 3.9, MC1 is betier

as a waterproffiug agent than emulsion (MS2).
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4,6 Soil Stabilization Mechanisms:

Both cement stabilization and bituminous stabilization mechanisms

utilized in this work are discussed as follows:

4,6.17 Cement Btabilization mechanism:

' When water is added to cement, hydration results, This produces
cementitious compounda such as calcium silicate hydrates, calcium aluminate
hydrates and hydrated lime(Moh, 1962). The first two products constitute the
major cementitious materials while lime is deposited as a crystal. The increase
in strength of the stabilized samples is as a result of the develorment of
cemantitious linkage between these hydration products eand seoil particles.

The lime produced furing the hydration of cement may react with any pozzolanic
material such as clay in the soil to produce a secondary cementitious material

which also contributes to inter-particles bonding,

4,6,2, Bituminons Stabilization Mechanism:

Bitumen stabilizes soils in two ways. The first one is a cementation
process brought about by small percentages of bitumen aimed at increasing the
cohesion in the soil without preventing mineral-to-mineral contacts being
formed between graina (Rghaman, 1968)., When the bitumen content exceeds the
optimum, the bitumen then acts as a lubricant separating the soil particles;
this is the second mechanism having mainly a waterproofing property which is
most effective in cohesive soils, Waterproofing preserves the natural stability
which these soils have in a dry and well-compacted condition. In A-7-6 laterite,
bitumen tends to coat the soil in small aggregates thereby plugging voidsand

acting as a water-proofer (Rahaman, 1968),
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CHAPTER 5

DEDUCTTON, CONCLUSION AND k.COMMENDATION

From the analysis of the results, some hrief deductions are made

in this capter followed by the conclusion and recommendalion,

CTION:
The following deductions are made:
From figure 3.4, the CBR for samples oven-dried for 1 day shows that
3% content of emulsion and also MC1 are needed to give a maximum
CBR of 20% and 24% respectively, However, the CBR for the cement-stabilized

specimen increased with an increase in the content of the cem-nt,

For sample: oven-dried for 7 days (fig.3.5), 7% emilsion is needed to

give a maximum CBR value of 43%; and 5% MC1 is required to give a

maximum value of 45¥%. Again, the CBR value for the cement increases with
an increase in cement content., Comparing these values with the recommendad

CBR (unsoaked) values in table 2,11 (30% for sub-base; 80% for basze),

the soils stabilized with emulsion and MC1 meet the specifications for the

(e)

sub-Lase while the cement-stabilized soil meets the specifications for

the sub-base and base course.

For samples socaked for ? days (fig.3.6), 3% of both emulsion and MC?
are required fo give a maximum CBR value of 13% and 14% respectively.
These values are lower than those recommended for soaked conditions
(25 = 35% for sub-base; 7% for base). The CER value for the cement increases

with an increase in the cement content,
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For soils wax-cured for 7 s (fig.3.7), 5% emulsion or MC1 is
required 1o give a maximum compressive strength of about S00KN/w?,
The compressive strength for the cement-stabilized s0il increases with

increase in the cement content,

In the case of =oils soaked for 7 days, both emulsion-stabilized and
MC1-gtabilized soils show that the compressive strength increases with
increase in the stabilizer content. However, they do not meet the speci-
fications for sub-~base or base.

The resultsof the water absorption test (fig.3.3) show that about 3%
emulsion and also MC1 is effective to be used as a waterproofing agent
{for the soil.

CONCLUSION:

Based on the results presented, the stabilized soil using emulsion
(M3S2) or cutback bitumen (MC1) meet the specifications for mainly sub-

base in dry conditions only. Yherefore, emulsion stabilization may be

employed to improve A-7-6 laterite as only fill or sub-base material. However,

5.3

on very lightly trafficked roads with restrictions on the wheel loads,
bitumingus stabilization may be uscd to upgrade A-7-6 laterite for base
course. In the case of cement stabilization, it can easily be used to
upgrade the soil to meet tne base cour e specifications provided an

adequate percentage of cement is utilized.

RECOMMENDATION :

It is recommended that between 3 - 5% of emulsion (MS2) or cutback
bitu: « (MC1) should be used to stabilize A-7-6 laterite for fill or
sub~base material, A maximum content of 3% is recommended for cement,
A high percentage of cement shcld be avoided because it can lead to

cracking and deformation of the stabilized soil,
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APPENDIX A

LABORATORY RESULTS OF THE PRELIMINARY TEITS ON THE SOIL



DATA SHEET 1

DETERMINATION OF THE NATURAL MOISTURE

CONTENT OF THE SOIL

Container Ne. 133

180 195 Average

¥t of contaimer + wet soil, M, (zm) 254,80 261,20 270470
w.n " + dry L He (g‘.) 41,00 1,40 k2,20
"w o»n " n} (E.) B.& 8'& Ba&)
Dry wt of soil M, - My (gm) 32,40 32.80 33460
Wt of moisture, M

wrimatm. =X, (gn) 213,80  219.80| 2s8.50
Moisture content, m = N,-M, % 6.60 6.70 6.80 6.70

N,
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DATA _ SHEET »

DETERMINAT ION OF THE SPECIFIC GRAVITY OF THE ScilL

TEMP = 23%C
Boitle No 1 2 3

Wt of bottle + water (full), V¥, (ge) 683.9 346.5 352.4
" onoon " goil + water, H5 (gm) 717.1 39,7 385.7
LA " seil, W, (gm) 2.3 132.0 160.0
" ey (gm) 184,2 98,1 103.8
" " yater, (u,' - H1) o 499,7 2484  2u8.6
"W " added te ascil, (W, - v.) gn k75.8 25247 2257
" " ®digplaced by soil, ¥ = (W, - 01) - (uj - HZ)

™ 2349 1547 2249

Specific gravity ef the soll, ('2 - H1)/H 2,39 2.8 2.45

Average specific gravity = 2.44
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DATA SHEET 3

SIEVE ANALYSIS OF THE SOIL

Grossmass eof Soil, "o = 200,00 gm
Mass Passii, 2 sm sieve, ll1 = 195.00 gm
Mass retained en 2mm sieve = 5,00 gm

Magss used fer sedimentation amalysis, Ha = 171.50.m

Sieve Opening size Mass of soil TFraction Cumulative Fraction
No (am) retained (gm) retained fra-tion retained Finer
7 2.1 0,00 0.00 0.00 1.00
1% 1.20% &.00 0.08 0.08 0.92
25 04700 4,00 0,08 0.16 0484
36 0.k22 3.00 0.06 0.22 0.78
52 0.295 2.50 0405 0.27 0.73
72 0.210 2.50 04,05 0.32 0.68
100 0.149 2,50 0.05 0.37 0.63

m 000?5 50“’ 0010 0. ‘tl? 0055
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DATA SHEET 4

HYDROMETER  (SEDIMENTATION) ANALYSIS

Gross mass of soil, M. = 200,00 gm

o
mass passing 2mm sieve, M, = 195.00gn

mass used in sedimentation amalysis =171,%Om

Elapsed Hydrometer Temp Effective Fully correct Particle Fraction

Time Reading (°C) depth Reading (Re)  diameter finer
L (em) (mm)
20 secs 28.8 23 Gelt 271 0,075 0755
hon 2648 " 10.2 2541 04055 0.51
1 min 2544 " 10.8 2347 0406 048
1 min 20 &. 23.9 . 1.3 222 0,041 0.45
1min 4O " 22,4 " 1149 2047 0.037 0ek2
2 min 2.9 ” 12.5 19.2 04035 0439
2min 30 8 19,0 " 13.3 173 04032 0435
5 mins 17.5 " 13.8 15.8 0,023 0432
10 mins 1645 " 14,2 14.8 0.018 0430
20 mins 1545 " 14,6 13.8 0,012 0428
4o wins 15.0 " 14.8 13.3 04009 0.27
80 mins 15.0 " 14,8 13.3 04006 0427
160 mins 14,5 " 15,0 12.8 0,004 0426
320 mins 14,5 " 1540 12.8 0,003 0426

640 mina 14,5 " 15.0 12.8 0,002 0.26
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DATA SHRET 9

COMBINED PARTICLE SIZE ANALYSIS

Gross mass of soil, M = 200.00z=
0
Mass passing 2mn sieve, l'l1 = 19%.00gm

Mass used in sedimentation analysis, "2 = 171,50

Particle Size Percentage smaller Total
(om) Sieve Analysis Hydrometer Analysis (%)
Out of IQ:)L‘ Out of H.‘ Qut of H1
2.00 100 100 100
2.00 100 100
1.20 92 92
0.70 84 o4
0.42 78 78
0430 73 73
0.21 68 68
0.15 63 63
0.075 55 55
0.075 53 53
0,055 o1 b
0.046 48 48
0,041 45 45
0.037 he k2
0.035 39 39
0,032 35 .
0.023 32 32
0,018 30 30
0.012 28 28
0.009 27 27
— ; :
.m 5 “-6
0.00
3 26 o
0,002
26 2%
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DATA SHEET

DETERMINATION OF THE ATTERBERG LIMITS

PLASTIC LIMII TEST

Determination Mo 1 2 3

Container No 22 58 0

Wt of container + wet soil, U} (gm) 16.0 154 b
now " ¥ dry moil, v, (gm) 14.6 14,1 1343
non W (gw) 8.9 842 5s9
" " yater, U'. “3‘"2) Kn 1.4 13 101
" % dry soll, H’., (Uz"‘) g 5.7 5.2 bk
Water coatent, w¥, (¥ x 100 246 25.0 2540

Average Plastic limit = 24,9%

LIGUID LIMIT TEST
Determination lNo 1 2 %

Ko of Blowa " 23 4
Comtainer No 193 179 150
Wt of coatainer + wet soil, H} (gm) 28,2 21.0 211
L " + dry soll, '2 (gm) 21.7 172 17.6
" = " H1 (u) 8.5 8.!0 Bo?
" " water, ¥, “}'HZ) gn ARRQO 6.5 3.8 3,5
LA dr, ”u. '.. ('2"“1) @ 1}.2 8.8 8.9
Water coatent, ¥, (Ww/Wg) x 100 49.2 3.2 393

Liguid limit = 42,08 (mofsture content eorrespo
Plastioity Index, PI = IL - FL = 17,1%

-

| SRR (S . .
e -

ading to 25 blows)

-

! 5 2 2
No of blows



DATA SHEET 7

DETERMINATION OF THE GSPECTFIC GRAVITY OF MC1

Wt of bottle + water (full), ¥, = 1595.5gm
LA " bitumen + water, H3 = 1596.7gm
L " bitumen, \32 = 681.7gm

@ n " U., u 557.0gm
" % vater, (W, - V) = 1038.53

"N " gdded to bitumen, (H3 - wz) = 915.0gm
-ﬂhnuu,wz-g)-nMn-

" " vater displaced by bitumen, (¥, - U1) - (U5 - "a) = 123.5¢m = W

Specific gravity ef bitumem, (Uz N H1 )M o= 1,01



APPENDIX B

TYPICAL LABORATORY RESULTS OF THE COMPACTION TESTS
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APPENDIX ¢

TYPICAL LABORATORY RESULT'S OF THR CBR TESTS



CBR TEST

Sample Oven-dried for 7 days

]E Emulsion

Mschine Calibration factor = 0,01286KN/Div

TOP BOTTOM
Penetration Stand- Load Load daR Load Load CBR A
ard indicator (KN) (%) indicator (KN) (%)
(mm) Load dial dial
0 0 0 0 0
0.6 178 23 166 241
1.3 267 34 270 345
1.9 330 h,2 338 be3
2.5 13.24 3N 5.0 38 2 Se3 4o
3.8 k83 642 490 6e3
50 19.96 559 72 36 574 7.4 37
6ol 631 8.1 641 8.2
7.6 698 9.0 706 0.1
8.9 738 9.5 7hk 9.6
10.2 8oo 10.3 810 104
161
%t
12¢
= -
x101 _
i
o e
j B —
L 5 8 Top Load
4
%
24
3 A ¢ ] 10

Plunger Penetration (mm)



- 63 -

CBR TEST

Sample Over-dried for 7 days
1% M1

Machiine Calibration Factor = 0.012_&6&0@1

TOP BOTTOM
Penetration Stand- Load Load CBR Load Load CBR \verage
ard indicator (KN) (%) indicator (KN) (%
(mm) (KN) dial dial
0 0 0 0
0.6 45 0+6 55 0.7
13 107 1.4 115 15
1.9 190 2.4 201 2.6
2.5 13.24 216 2.8 21 257 33 25
34,8 278 3.6 288 37 23
540 19.96 310 4,0 20 31 bl 22
6 397 Sel 401 S5e2
7.6 480 6e2 500 6k
8.9 5” 6.8 572 7."’
10.2 600 77 620 8.0
1.4 680 8.7 692 8.9
167
1t
12t
=
x
o L g
5
- gt
(. _ /
3
s 61 gt
- /
4t o —e Top Load
ZJr /t .
~
7 4 4 ) i

Plunger Penetration imm)



CER TEST

Sample Oven-dried for 7 days

1

Cement

'-6"’-

Machine Calibration Factor = 0,01286KN/Div

TOP BOTTO!H
Penetration Standard Load Load CBR Load Load CBR Average
- 1(.?(;:)1 bﬁulcator (KNY (%) ﬁ:ﬁieator (KkN) (%)

0 0 0 0 0

0.6 388 540 39% Sl

13 Lao 6e3 498 6ol

1.9 610 7.8 615 749

2.5 13.24 813 10.5 79 813 0.5 79

3.8 991 1247 999 12.8 80
540 19.9% 1180 15.2 7% 1257 15.2 &

6okt 1200 1544 1208 1545

746 1250 1641 1259 16.2

849 1300 1647 1313 16.9

10,2 1340 17,2 1350 174

Plunger Load (KN)

Y

L
Plunger

T

6 8

Penetration {mm)
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APPENDIX D

TYPICAL LABORATORY RESULTS OF THE UNCONFINED COMPRESSION TESTS



Unconfined Compression Test
SAMPLE SOAKED FOR 7 Days

A% Ewmulsion

Machine Calibration factor = 5,3 x 1Qf3 KN/DYv

gtrain Dial Arem x 107 Praving Compre- Strain
Geuge (m2) ring ssive
Diml Strength ( L_x 100
(KN /w?) Lo
g Te 1l g 1] 0
D.38 1.15 9 &O 0.5
0.76 116 1 50 1.0
1e 1k 1. 18 13 60 1.5
1.582 1. 19 15 65 2.0
1.91 1.20 16 70 2.5
2.28 1.21 15 65 3.0
2.67 123 1% 60 3.5
3,05 1.24 13 55 be5
3.81 .25 5.0
be19 1.28 5,5 =
h.57 1.30 6.0
5,33 131 7.0
6.10 1.33 8.0
6.86 e 34 9.0
7.62 1.36 10.0
70,
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nconfined ompression Test

Sample Soeked Fer 7 Days
18 MC1
Machine Calibration Factor = 5.3 x 107> KN/Div

Gtrain Dial Area x 10'! Praving Conpreesive Strain
Gauge (m2) ring 0Dial Strength
(KN/m?) (Lox 1
(mm) Lo
[\ Ta 1l 0 0 0
0.38 1.15 9 L0 0,5
0.76 1.16 1" 50 1.0
1. 14 1.18 12 55 1.5
1.52 1.19 15 65 2.0
1,91 1,20 17 75 2.5
2,28 121 1a 80 3.0
2,67 1.23 16 70 3.5
3,05 1,24 15 65 4.0
343 1,25 koS
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Unconfined Cempression Test
Sanple Sesked Fer 7 Days
1% Cement
Machine Calibration Factgr = 5,3 x 1077 KN/Diy

Strain Dial Arena % 1l:|TJ Praving Compressive Strain
Gouge (m )y Ring Strangth
(mm) Dial (_t=
0 Te 14 ] 4] 0
0.38 1«13 13 &0 D5
0.76 1. 16 22 100 1.0
1. 14 1.18 31 140 15
1.52 1.19 L0 180 2.0
1.91 1.20 k7 210 2.5
2.28 .21 57 250 3.0
2,67 1.23 - 65 280 3.5
3.05 1.24 70 300 b0
3.43 1,25 75 320 he5
3.81 1.27 79 330 5.0
he19 1.28 a2 L0 5.5
L, 57 1«30 81 320 6.0
5.33 1¢31 79 320 7.0
6,10 133 8.0
6,86 130 9.0
Te62 1.36 10.0
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r\g 30014 L =
n 200 p .
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AFPENDIX E

LABORATORY RESULTS OF THE WATER ABSORPTION TESTS



RESULTS OF WATER ABSORPTION TEST

Weight in gms

—

Emulsion % Initial wt 1 day 3 day 7 days
Q 0-a 2100.0 21660 217040 2176.5
O-b 2100,0 216645 217145 21755
1 1-a 2108,0 2155.5 2161.5 2169.0
1-b  2092.0 21560 2160.0 2167.0
3 3-a 2112.0 213540 2147,0 2152.0
3-b 2088,0 2134.5 2146,5 215045
5 S5-a 2106.0 2125.0 21%0,0 213845
S5=b 20940 2125.0 213040 2137.0
7 7-a 2102.0 2110,0 2115.5 2124.0
7=b 2098,0 2111.5 211440 2125.0

8-b 2095.0 210545 21100 2115,0




Weight in gms

MC1 % Initial wt 1 day 3 days 7 days
0 0-a 2020.0 2084,5 2087.5 2092.0

0-b  2020-0 2084,5 2089,5 2094,0

1 1-a 2021.0 207345 2081,5 208545

1=b  2019.0 2071.5 2079.5 2083,5

3 3-a 20215 20540 2065,0 2069,5

3-bh  2019.5 205240 2063,0 206745

5 5—& 20209“' 2!339.0 201"8.0 m5310

5-b  2019.6 2041,0 2048,0 205540

7 7-a 202040 202945 2034,0 20140
7-b  2020,0 202745 2032.0 2039.0

8 8-a 2021,0 2025.0 20290 203340

8-b  2019.0 2023.0 2027.0 2031,0




