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Abstract

California Bearing Ratio (CBR) is a test which is currently practiced in the design of pavement

to assess the stiffness modulus and shear strength of subgrade material so as to determine the
thickness of overlying pavement layers. Though various atterapts lreen made to predict the

CBR value by different researchers from samples of their locality, adopting those developed
prediction methods without adjustment leads us to misinterpretation of soil behavior. Therefore,
this paper is intended to fill this gand to minimize the time required to conduct the CBR value

test by predicting the CBR value from the index properties of fine grained soils of the study area.

In order to achieve this goal two types of data were collected. The first is laboratorytéest da
which is called primary data as a control point. And the second data are collected from different
consulting and construction companies, which are called secondary data. The laboratory tests
conducted are, grain size analysis, atterberg limits, congpaietst and free swelling on 10 soil
samples. These samples were collected from Goro , Bole arabsa and koyefiche sites. And about
114 secondary data were collected from Addis Ababa City Road Authority (AACRA), Transport
Construction Design (TCD) and Besbiasulting Engineers.

In the analysis part, both MS excel spreadsheet and the SPSS software have been used for the
scatter plot, correlation, and regression analysis. Using these tools attempts were made to predict
CBR from LL, PL, PI OMC and MDD.

The andysis results show that CBR has strong negative relation with LL and relatively strong
positive relation with MDD. From the regression analysis it can be observed that the
combination of LL, OMC and MDD gives better prediction of CBR wiftwvRlue of 0.770This

means 77% variation of CBR depends on the variation of these predictors.

The outcome of this thesis can be applicable for preliminary investigations and on construction

of small road projects.

Xi
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1. INTRODUCTION
1.1 General

Due to the fast change of the world the use of transportation becomes vital with high safety
and combrt. To attain thigequirementthe strength of the soil beneath the structure must be
identified. Howeverobtaining these properties of soils requires relatively more time, effort as
well as money. These difficulties lead engineers to find out the quicker and simple way of
testing methods by correlating the required strength of the soil with its ineperty. Orthe
otherhand,investigating the index properties of a soil is much easier than investigating other
engineering properties. Therefore, by obtaining the index propertyntfirering properties

can be predicted satisfactorily from empirical correlations.

The support provided by the subgrade is the most important factor in determining pavement
design thickness, composition and performance. The subgrade strength is depanthent
condition at the construction and during service; soil type density and moisture content largely
determine subgrade strength. The aim of subgrade evaluation is to estimate a value of
subgrade support to usedesign. CalifornidBearing Ratio isonef the measures of subgrade

support. 1]

California Bearing Ratio (CBR) is a test which is currently practiced in the design of
pavement to assess the stiffness modulus and shear strength of subgtadal so as to
determine the thickness of overlying pavement layEng. California Bearing Ratio (CBR) test

was developed by O. J. Porter for thalifornia Highway Department to evaluate the bearing
capacity of pavement materials in laboratory candi& during the early 1920s. Since then,
several countries have developed or adopted pavement design methods based on the CBR
value of the materials. The CBR is the most widely used strength parameter fgrdined

subgrade soils in flexible pavementsagn [11].

The design of flexible pavements is much dependent on the CBR of subgrade.CBR depends on
the type of soil and its property. And its values can be measured directly in the laboratory test in
accordace with BS1377:1990, ASTM D18838 and AASHTO T193. A laboratory test

generally takes four days to measure the soaked CBR value for each soil sample. The result of

By Winta Amare ( Ms.C paperGeotechnical Eng.)
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the tests is actually an indirect measure, which represents comparison of the strength of subgrade
material to the strength of standardsired rock referred in percentage values.

Many attempts have been made to correlate the CBR value of fine grained soils with their index
properties. Amongthose, Harini HN Sureka NaagegB]; Ramasubbarao, .8.and Siva
Sankafl16]; Bao Thach Nguyen, Abbadohajeani [3]; and Dilip Kumar Talukdar[5]. And for

the caseof Addis Abéa area Zelalem Werku [20] and Yared Leliso [&8mpts to correlate

and give formula of CBR for genekasoils from their index properties. However, due to the
irregular behavioof soils these predictions and formulas maybwtalid for the intended study

area.

Therefore, this study believes in filling this gap by correlating CBR with index property of the

local area.
1.2 Significance of the study

The study will be helpful ithe minimization of time consumption and effort for engineers in the
field of pavement design and construction. By this way, it will help the engineer to choose the

best material for their projeand improve the qualityf highwayand pavement structure
1.3 Statement of the problem

As the Engineering behavior of soils vary from place to place and even with time, accurate
prediction of parameters that properly characterize it depends on how much representative
samples in terms of both space and timegatieered. Thouglvarious attempts have been made

to predict the CBR value by different researchers from samples of their locality, adopting those
developed prediction methods without adjustment leads us to misinterpretation of soil behavior.
On the other hah the disadvantage of an empirical method is that it can be applied only to a
given set of environmental, material, and loading conditions. If these conditions are changed,
the design is no longer valid, and a new method must be developed throughdteatarto be
conformant to the new conditions. Therefore, this paper is intended to fill this gap and to
minimize the time required to conduct the CBR value test by predicting the CBR value from the

index properties of fine grained soils of the study area

By Winta Amare ( Ms.C paper in Geotechnical Eng.)
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1.4 Scope of the study

The study will cover the prediction of soaked CBR value for fine grained soils for pavement
designin selected aream Addis Abaa.CBR test is carried out in the laboratory as per the
procedure outlined in AASHTO T1983 or ASTM D188373 and the other index properties
according totheir respective standarag AASHTO or ASTM. The required correlation is
carried out byapplying a gjite linear regression model and multiple linear regression models
with the aid of SPSS Software.

By Winta Amare ( Ms.C paper in Geotechnical Eng.)
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2. OBJECTIVES
2.1 General objective

The main objective of the study is to come up with applicable results of predicting the California
bearing ratio from index properties of fine grained soils gesfly on silty clay soils) by
conducting laboratory tests and collecting data from different organizations.

2.2 Specific objective

1. To establish relevant relationships betweenCaliforniagingeaatio and index properties of
fine grained soils, and to develop appropriate empirical correlations among the
correspondingsoil parameters.

2. To examine the validity of the correlations, and to draw appropriate conclusions from the

relationships oéach empirical equation.

By Winta Amare ( Ms.C paper in Geotechnical Eng.)
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3. LITERATURE REVIEW
3.1 Definition of CBR

California Bearing Ratio (CBR)defined as the penetration resistance of a sulbgp#de
relative to a standard crushed rock. The CBR method of design was studied extensively by the
U.S. Corps of Engineers during World War Il and became a very popular method after the
war. TheCBR penetration test is in astandamidton, having an area of 1935 s used to
penetrate the soil at a standard rate of 1.3 mm per minute. The pressure at each 2.5
penetration up to 12 .7 mm is recorded and its ratio to the bearing value of astandard crushed
rock is termed as the CBRThe standard values of a highalitycrushed rock are as
follows:[16].

Table 31 Penetration corresponding to standard unit load applied to stagrdael [16]

Penetration Pressure
2.5mm 6 .9 MPa
5.0 mm 10 .4 MPa
7.6 mm 13 .1 MPa
10 .2 mm 15 .9 MPa
12.7 mm 17 .9 MPa

In most cases, CBR decreases as the penetration increases, so the ratio at the 2.5mm
penetrations is used as the CBR. However, if the CBR value at penetration of 5mm is larger,
the test should be redone. If a second test yields also a larger CBR numb@mat
penetration, the CBR for 5.0mm shouldlsed[16]. Usingthe equation form of;

CBR= *100eééeeééeeeéeéeeééeeééeeeéeyql

3.2 Methods of estimating CBR

Basically there are two modes of testing available for the estimation of subgrade CBR. These

are field testing and laboratory testing.

3.2.1 Field test of CBR

By Winta Amare ( Ms.C paper in Geotechnical Eng.)
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Field testing is only applicable where it is proposed that subgrade support values are to be
extrapolated from an existing pavement and the subgrade soil conditions are similar to those of
the proposed pavement. This procedure may be used to determine the design CBR where soils
similar to those of the subgrade of the road being designed, have exigted a sealed
pavement for at least two years and are at density and moisture conditions similar to those likely
to occur in service[16] A number of field tests may be used to estimate subgrade CBR, e.g.
Insitu CBR test and Cone Penetrometer. If fieBRCis to be used directly for evaluation or
design without consideration for variation due to change in water content, the test should be
conducted less than one of the conditions stated in ASTM D-9329

3.2.2 Laboratory test of CBR

Laboratory testing iapplicable both where a suitable existing pavement for extrapolation exists,

or from first principles. This procedure may be used to determine design CBR or modulus where
sufficient samples of the sub grade material for the new pavement can be obtaidetifed
laboratory investigations and where a reasonable estimate can be made of likely subgrade density
and moisture conditions in service. The method is particularly useful when a close similarity in
density, moisture content and materials is notlalile between the proposed pavement and any

existing road[16]

Laboratory CBR test is carried out as per the procedure outlined in AASHTO -63168
ASTM D 188373. This test method provides the determination of the CBR of material at
optimum water content or a range of water content from a specified compactiandest
specified dry unit weight. The dry unit weight is usually given as a percentage of maximum dry
density fromthe compactiortests ofeither standangroctortest ASTM D 698) or modified
proctor test (ASTM D 1557). The specimens are made using cdmpaaergy shown below.
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Table 32 the number of blows and corresponding number of lajerslifferent grade of soils
[18]

Method Blows| Layers | Hammer weight (N)
D698:2(fine grainedoil) 56 3 24.5
D698:4(coarse grained soil) 56 3 24.5
D1557:2(fine grainegoil) 56 5 24.5
D1557:4(coarse grained soil) 56 5 24.5

3.3 CBR influencing factors

A range of factors influences the CBR of a particular material. Among these soil type, density,
moisture content and method of sample preparation plays an important role. Other than material
properties the moisture condition of the area is also the fadtermoisture condition at which

the material is to be used varies according to the climate of the region.

Accordng to Lawrance and Tooléhe strength of the hard particles and the plasticity of the fines
havehigher influence on the CBR value, theycatdatethat the dry density serves as a good
indication of the material quality, the general indication being that a higher dry density relates to
a better quality materiaKleyn also states the other influential factor for the value of CBR
results fromits testing procedure. The moisture content of a sample may show significant
variance when remolding. This in turn affects the CBR value. In examining the influence of the
moisture on the CBR value Porte explains that soaking the material induces swalbiahde
absorptionand ultimately reveals a loss in material strength. Hence it can be said that the soaked
CBR represents the worst case, as the soaked strength is lower than the strength at the field
equilibrium moisturecontent. 9]

3.4 Application of CBR

CBR is use for the determination of the natwatbgrade groundtrength and its suitability for
pavement design. The CBR values are applicable in deciding the thickness of the pavement. If

the CBR value o$ugareds high, it means tht thesugareds strong and as a result, the design of

7
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pavement thickness can be reduced in conjunction with the streuiggade Conversely, if the
sugaredsoil has low CBR value it indicates that the thickness of pavement shall be increased in
order to spread the traffic load over a greater area of the swegdredor alternatively, the
sugaredsoil shall be subjected to treatment or stabilization.

Subgradematerials are typically characterized by (1) their resistance to deformation under load,
in other words, their stiffness or (2) their bearing capacity, in other words, their strength. In
general, the more resistant to deformation a subgrade is, the oaokeat Ican support before
reaching a critical deformation value. Application of CBR for different subgrade soils and other

materials can be shovelow. [7]

Table 3.3: Typical CBR Values for Various Materials

General Soil Type USC Soil Type CBR Range
GW 4071 80
GP 3071 60
GM 207 60
GC 207 40

Coarsegrained soils
SW 207 40
SP 1071 40
SM 1071 40
SC 51 20
ML 15 or less
CL LL <50% 15 or less
oL 5orless

Fine-grained soils
MH 10 or less
CH LL > 50% 15 or less
OH 5orless
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3.5 Properties of fine grained soils

The engineering properties of fugeained soils are controlled by mineralogical factors rather
than grain size like that of coarse grained soils. Thin layers ofgfmieed soils, even within
thick deposits of coarsgrained soils, have been responsiolemany geotechnical failures and
therefore it is essential to pay special attention todiraéned soils.

Clays are composed of three main types of misdw@blinite, illite, andmontmorillonite. The

clay minerals consist of silica and alumina sheleté are combined to form layers. The bonds
between layers play a very importantrole in the mechanical behavior of clays. The bond between
the layersin montmorillonite is very weak compared with kaolinite and illite.Water can easily
enter between the laggn montmorillonite, causingswelling.

A thin layer of water is bonded to the meral surfaces of soils andsignificantly influences the
physicaland mechanical characteristiotfine-grained soils

Finegrained soils have much larger surface areas than egaised

soils and are responsible for the major physical arechaital differences between coafse

grained andfingrainedsoils.[12]

3.5.1. Swelling properties
Swell Potential of a soibpecimen is the ratio of the increase in thickness to the original
thickness of a soil specimen compacted at OMC in a consolidation ring, soaked under a
surcharge load of 7KPa and is expressed asreentage. Fingrained soil shows recurrent
volume changs with the changesf moisture content, causing problems to the civil engineering
structures such as road pavements resting on them. Flexible Pavements constructed on these soil
shows signs of damage continuously during the service life of the pavernses @ increase in
the maintenance cosi{$]
Generally, properties of fine grained soils can include:

V Generally low shear strength

V Plastic and compressible

V Can lose part of shear strength upon wetting anddisturbance

V Can shrink upon drying and expandwetting

\Y

Generally, very poor material for backfill
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Generally poor material for embankments
Can be practically impervious

Clay slopes are prone to landslides
Relatively low shear strengths

High capillarity and frost susceptibility
Relatively low permeabiljt

Frost heave susceptibility

< K< KKK KKK KL

Difficult to compact

3.6 Classification of fine grained soils

As there is a wide variety of soils covering earth, it is desirable to systemize or classify the soils
into broad groups of similar behavior. American Associatioh State Highway and
Transportation Official (AASHTO) classification system is useful for classifying soils for
highways. Based on the particle size analysis and the plasticity characteristics AASHTO
classifies the soils into coarse grained and fine gdaine

Fine grained soils amglts andclays Further they can be divided into;

(1) Soilsoflow compressibilityL)if the liquid limit is 50%or less. These are givehe symbols

ML, CLandOL.

(2) Soils of high compressibilitgH)if the liquid limit is more tharb0%. Theseare given the
symbolsof MH, CH and OH The exact type of theoil is determined from the plasticighart

and the chart is shown below in the figuré. 1]
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Fig.3.1 plasticity charfAASHTO system)

Fine-grained soils exhibit considerable changes in physical properties with change of water
content. Dry clay may be suitable as a foundation for heavy loads as long as it remains dry, but
may turn into swamp when wet. Many of the fine soils shrink omdrgind expand on wetting,
which may adversely affect structures founded on them. Even when moisture content does not
change, the properties of fine grained soils may vary considerably between their natural
condition in the ground and their state after gaiisturbed[2]

i) Silts: haverelatively low plasticity compared with clays. In terms of the classification
chart they plot below the “Aine. Theyare unstable in the presence of water and have
a tendency to become quick wheaturated. Whedry, silt canbe pulverized easily
under finger pressure and will have a smooth feel between the fingers in contrast to
the grittiness of fine sand. For similar conditions of previous loading, the higher
liquid limit of silt the more compressibleig. [2]

i) Clays: areplastic and virtually impervious. They have low resistance to deformation
when wet, but become hard cohesive masses when they dry. They are difficult to
compact when wet, and impossible to drain by ordinary means. Large expansion and
contraction with chareg in water content are characteristics of clays. The higher the

liquid limit and thus the plasticity index the neacohesive is the clay.

11
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i) Organic soils: are made of decomposeegetatiorand are callegeats. Organisoils
are dark grey or black in coloand usually have a characteristic odor of decay.

Organic clays feel spongy in the plastic range as compared to inoctmyscp]

3.7 Silty clay soils

Silty clay soil contains mainly particles ofay, butsome silt particles arpresent. Insuch

types ofsoils, the principal component of a soil is taken as a noun and the less prominent
component as an adjectivEhe primary soil type with respect to behavior is not necessarily

the soil type that constitutes the largest part of the sampl@xample, the general character

of a mixed soil is determined by clay fraction if it exce@d%6. [1]

3.8 Atterberg limits

As it indicates the namatteberg limits comes after the name of Swedish soil scientist Albert
Atterbergwh o ori ginally defined si x -géanedmdilg,lut of cc
in current engineering practice only three of the limits, i.e. liquid, plastic and shrinkage limits
areused. Healso defined the plasticity index, which is the ranfjevater content where the

soi l is plastic, and he was the first to su¢
Terzaghi and Casagrande working for the U.S. Bureau of public Roads, standardized the
Atterberg limits so that they could be didg used for soil classification purposes. In present
geotechnical engineering practice one usually uses the liquid limit ¢he)plastic limit

(PL), and the shrinkage limit ($L]2]

3.8.1 Liquid limit

The liquid limit is the water content at which the soil changes from the liquid state to the
plasticstate. Atthis limit the clay is practically like a liquid, but possesses a small shearing
strength. The liquid limit of soil depends upon the clay minprakent. The stronger the

surface charge and the thinner paaticlethe greater will be the amount of adsorbed water

and therefore, the higher will be the liquid limit.

Liquid limits can be determined by twonet hods: casagr acomee 6sapp
penetation method.

Liquid limit is the water content at which the soil is sufficiently fluid to flow when the device

is given 25 blowsBut since it is difficult to get exactly 25 blows the test is conducted at
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different water contentso as to geblows inthe range of 10 to 40.Alot is made between

the water content as ordinate and the number of blows on log scale as abscissa.

3.8.2 Plastic Limit

Plastic limit is the water content below which the soil stops behaving as a plagtical. At

this stage thesoil begins to crumble when rolled into a thread of soil of 3mm diamieter
loses its plasticity and passes to seolid state About 10 gm of the plastic soil is taken in
one hand and a ball is formed. The ball is rolled with fingers on a glass @ffaena soil
thread of uniform diameter. And this procedure edpé till the threadrumbles. {]

3.8.3 Plastiaty index

Plasticity index is the range of water content over which theawmihinsn the plasticstate. 1]

Plasticity is represented by plasticity index PI which is numerically equal to the difference
between the liquid limit and the plastic limit water contents of the soil. Plasticity index is
used in the classification of firgrained soils, through the plasty chart. The plasticity
chart is widely used to differentiate between clays and &iltsfurthey to subgroup them
according to the degree of their compressibility. The plasticity index is used in a good
number ofcorrelations with mangngineeringproperties suclas the compressidndex, the
coefficient of consolidation, swelling potential, the friction, the coefficient of earth pressure
at rest, the un drained shetirength. 2]

3.9Compaction

3.9.1 General

In the construction of engineering structures such as highway embankments or earth
dams,loose fills are required to be compacted to increase the soil density and improve their
strengthcharacteristicas well as for the durability and stability of struasidikefoundation,
roadsand airfield

Compaction is the densification of soil by application of mechaeicafgy. Itis the process

of rearranging the soil grains mocksely. By this process thaar void in the soilseduced

and the density of the soil increas@&tie degree of compaction of a soil is measured in terms
of dry unit weight that means it is the amount of soil solids that can begacka unit
volume of thesoil. [7]

.3.9.2 Purpose of compaction
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Compaction is tB most common soil improvement technigeenerally, itis usedas
practicalmeans of achieving the follving characteristics «olils. [7]

V To increase shear strength

V To improve stability

V To improve bearing capacity

V To reduce the compressibility and permeability

V To prevent detrimental settlement

V To control un desirable volume changes
3.9.3 Compaction methods
There are two methods of compaction. Laboratory and field tests
3.9.3.1 Laboratory compaction test
Laboratory compaction tests are usually utilized to specify the compacted duyeigfitt tobe
attained in the fieldSince the control in the field cannot be strict as that délmoratory, the
specifications usually requireattainmentof 90 to 95 percent of dry unit weight attained in the
laboratory.
A. Standard Proctor Compaction Test

Proctor developed this test in connection with the construction of earttafilisin California. A
soil at aselectedvater contentis placedin layersin to a mold of given dimensions, witheach
layer compactedby 25 or 56 blows of a 2.5kg hammerdroppedfrom a height of 305mm,
subjectingthe soil to a total compactioneffort of about600kNm/n8.The procedureis repeated
for a sufficient number
ofwatercontentstoestabligifdationshipbetweenthedryunitweightandthewatercontentsdihe
The plot of this datarepresentsacurvilinearrelationshipknownasthecompactioncumeisture
densitycurve.
Thenthe@aluesofwatercontentandstandardmaximumdryunitwargllieterminedfromthecompacti

oncurveas shown on figure 3.2 below
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Compaction Curve
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Fig.3.2 Representative moisture contelry densityrelationcurve [15]

B. ModifiedProctorCompactionTest
Thistestmethodcoverslaboratorycompactionproceduresusedtodeterminetherelationshipbetweenwa
tercontentanddryunitweightadils compactddadin.or6in.diametermoldwitha 5kg
hammerdroppedfromaheightdb67mm producingaompactioeffortof2,700kNm/n3.A soil at a
selected water content is placed in five layers in to a mold of gdmrensions, witkach layer
compacted by 25 or 56 blows of a 4.54kg hammer dropped from a heightrafmi&ubjecting
the soil to a totalcompationeffort ofabout 2700kNm/m3 when this data plotted it
representsacurvilinearrelationshipknownasthecompactioncurveormaisyur@tweighturve.

Then the values
oftheoptimumwatercontentandmaximumdryunitweightaredeterminedfromthecompacten

[13

3.9.3.2 Field compaction tests

The compction of soil in the field must obtain the desired unit weight at the optimum moisture
content.Thereforethe field engineer must do periodic checks to see whétb€ompaction is
giving desiredesults. L3]. Theprocess of checking involves:

1. Measurement of the dry unit weight, and

2. Measurement of the moisture content.
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For compaction of soils in the field several methods are used. The choice of these methods
depends up on the soil type, the maximum dry density edj@nd economic considéoms.
Thefour major types of compaction processes currantlyseby modergonstruction equipment

are:

a) Impact

b) Manipulation

c) Pressure

d) Vibration

The necessary compaction of subgrades ofroads,earthfills,and embankments may be obtained by
mechanicalmeans. Thequipmenthaarenormallyusedforcompactionconsistsof

1. Smoothwheelrollers

2. Rubbetiredrollers

3.S h e éoptiodlers

4. Vibratoryrollers

In cohesivesoils, densitiesof the order of 95 percent of standard Proctor can be obtained
withpractically any of the rollers and tampers;however,vibrators are not effective in
cohesiveoils. Wherehigh densities are required in cohesivesoils in the order of 95percent of
modified Proctor, rubber tired rollers with
tireloadsintheorderof100kNandtjpressureintheorderof600kNIrare effective. [L3]

3.10Previously Established Correlation Equations of CBR
As CBR test is time consuming test, a good indication of CBR values from index tests are
beneficial. Due to this attempts have been madelate index test parameters to CBR values.
Many of these attempts were made in other countrfese the soil type and climatic regions are
very different.

3.101 Correlation of CBR with DCP

The dynamic cone penetromef@®CP) has been widely used for estimating the strength of
soils. Also, the California bearing ratio (CBR) test is the test most widely used in highway
pavement design all over the world. Attempts have been radichel a relationship between
DCP and CBR Jaes for fine grained soils by different researchers.

Among theseHarison tries to correlate CBR of granular and cohesive soils with DCP by the

16
By Winta Amare ( Ms.C paper in Geotechnical Eng.)



PREDICTION OF SOAKED CBR OF FINE GRAINED SOILFROM INDEX PROPERTIES; CA
OF SILTY CLAY SOIL

form of:[15]
Log(CBR)=2.551.14logDOCPI) (3.2
Webteret al by 1992 correlate CBR various soils with DCP and gives the following formula:
Log(CBR)=2.461.12log(DCPI) (3.3
3.102 Correlation of CBR with Shear strength.
These are correlaths which are tried to correlate CBR valwath bearing capacity of soils.
Terzaghi s bearing capacity equation for <circ
gu=1.3cNc + p+ Ng + 0.3BN (3.4)
C=is the cohesion of the soll
=the bulk density of the soil
po=the overburden pressure at the base of the plunger
B=the diameter of the plunger
And Nc,Ng,andNar e terzaghi 6s bearing capacity factol
Since angle of shearingsistancdor satuatedclay in undrained condition, is zero the equation
reduced to the form:
Ou=6.68c (3.5
This agrees with experience that the numbemnottsarge weights used affect the CBR value of
sands, for which Nq is much greater but not for clays. Using Sl units, the CBR value is 100% for
plunger pressure of 6900KN/m2at penetration of 2.5mm, giving
CBR= @, *100/6900 =0.097¢3.6)
3.103 Correlation of CBR with index properties of fine grained soils
Many attempts have been made to obtain the correlation equations soils in obtaining CRB values
of fine grained soils in relating their locality. Among these ZelaWorku[20] tried to predict
CBR value from granular and fine grained soils separafelly Addis Abda fine grainedoils,
he gets 0.564 maximumvalue coefficient of determination. The properties considered were LL,
PL, PI, OMC, Percent passing 0.075mm sieve no, MDB. correlation was not strong as
granular.
With the formula of:
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According to Harini andNaages[®], CBR value is predicted using ANN and MLR and gives
0.94 and 0.86 coefficient abrrelationrespectively.With the formula of:

CBR=4.86 (0.07WL) + (0.01percentfines) witi’R0 . 8 6 €éééééeééxg e

Nguyen and MohajeraniLp] correlates CBR from the experimental results, withmoisture
content (MC), plasticity index (P1) and maximumy dlensity (MDD) was found to be strong for

the samples tested at OMC, wet side of OMC and soaked conditions.
Log (CBR) = 4.767 + 0.843(MC) + 0.020(RI1.522(MDD) with =R=0.75¢ ¢ ¢ é é . ( B . 9

Talukdar p] a multiple linear regression model developedibiyng Linex function of Microsoft
Excelsoftware for the soil type of sandy silt (ML) and correlates CBR as fg#pw

CBR (soaked) = 0.127(LL) + 0.00 (PL)0.1598(PI)+1.405(MDD)0.259(0OMC) + 4.618..(3.10)

Yared Leliso[19 also triedprediction of CBRvalue from index properties and develops

different models.Among these, the model with strong coefficient of determination is :
CBR =-21.522- 0.141*LL + 0.137*PI + 20.244*MDD, with R= 0.629 (3.11)

The importance of thistudy is to give more emphasis on fine grained soils which are not much
focused by other studies in Ethiopiehis means the study will play an important role in filling

the gap of the previous studi@dost of the fine grained soils used in the previouslies have

more than 50% liquid limit which are most probably excavated from the proposed site due to
their weak bearing capacity. But this study focuses on fine grainedhswilsg liquid limit of

less than 50% with better bearing strength.
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4. FIELD INVESTIGATION AND SOIL SAMPLING
4.1 Study area and sampling of soils
For the thesis work two types of data emeolved. Thesare primary and secondary data.

The primary data was obtained from different areaf\ddis Ababa Accordingto previous
studies AddisAbabais dominantly covead byred fine grained soils in northern and western part
and with black expansive soils in the eastern and southern parts.

Silty claysoilsare mostly found in theastern andouthern part of Addidbaba.Becausef this
threesites wereselectedandten disturbed soibamplescollectedfrom Goro, Koydiche(kality)

and Bole Arabsaites. These sites are selected as they are representative places for the case of
silty clay soilsand it is believed the result of the studylwiay big role in expansion of Addis

Ababa Locationof sampling areas are shown in figdr& below.
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Fig 4.1.Location of sampling areas
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The samples wertaken from a depth ranginigom 2.5m to 3.5m below the groursilrface.
Theseare five test pits from Goro site,three test pits from koyefiche and two test pits from Bole

arabssasite
4.2 Visual identification of soils in the field

The identification of soils  the fieldwas made based procedues described IRSTM D
248800 (Stadard practices for Description and identification of s@tandards. fie first step
used in identifying the type of soil was to determine whethe fine or coarse grained soil
based on the size,texture and distribution of soil particd®r the ine grained soils are
identified the simple and importantest method are used fodetail identification of the soil

types.These are:

Dry strength testis a measure of the character and quality of colloidal fraction of soil. If the

sample, which is 1Ahch ball size mold, cannot be broken the soil is highly plastic and samples

of low plasticity will break easily.

Dilatancy testis observing rapidityof water rising to the surface when sample is shaken and
when the sample is squeezed between fingers. Speed of appearance during shaking and

disappearance assists in identifying the fines in the sample.

Plasticity foughness) tess the method of testinthe plasticity of the soil. Whewater is added

to the fines portion of the soil sample and the sample is then rolled into 3mm diameter thread.

20
By Winta Amare ( Ms.C paper in Geotechnical Eng.)



PREDICTION OF SOAKED CBR OF FINE GRAINED SOILFROM INDEX PROPERTIES; CA
OF SILTY CLAY SOIL

Fig.4.2 Field investigation and soil sampling

4.3 Sampling methods and samplpreservation.

Soil sampling is rade from three projects by taking about 50 kg of disturbed soils. For the
koyefiche site since the subgradess covered by selectemateria] 1m by 1m test pit is

excavated using hand tools.

To keep the natural moisture content as well as to avoid thesiéigpoof soils from foreig
materials like excessive heat andter, the bagsvhichis used to hold the soilasnples made to

be water proofike plastictype.

For identification purpose the name of the sampling area, depth of sampling and color of the

sample were written on tleutsidepart of thebag.

The transportation of the soil sampless by vehicle to Geachnical laboratory of Addis
Ababauniversity (AAIiT). Sinceit is not such a long distance, the soil sample is not expose to any
obstacle.
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4.4 Sample size and sample preparation

For correlation purpose the required number of sample silarge. butdue to shortage of
permeation timédor using the labotary as well as to get accurate results the soil sample size is
decided to be ten.

Preparation of soil samples for the required tests starts by air drying. Before go to the next step

the air dried soil samplegerethoroughly pulverized bfingers and woothammer.

For particle size distribution test representative 500gaandried (passing no.tand 50gram
oven dried (passing no.200sample are prepared for wet sieve and hydrometer analysis
respectivelyaccording toASTM D114097 (Standard Test Method for Amount of Material in
the Soils Finer than the No. 200 (0.075mm) Sieve) procedure.

For atterberg limit testabout200 gram airglried (passing no.40) sample taken and soaked for
hours by small amount of water which ised to moist the soil grains. In order to get precise
results multipoint method is chosesnd prepared to test according to ASTM D 4808

(Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils)

procedures.

For compactiondst, method A of compaction is chosen because less than 20 % by mass of
material is retained on the 4.75mm (no.4) sieve. Abolt il sample is prepared for five
trails of each soil sample. The test is tipeaceedingaccording toASTM 69800 (Standard est

Methods for Laboratory Compaction Characteristics of Soil) procedures.

For California bearing ratio about 6 kg airs dried passing 4.75mm (no.4) sieve soil sample is
prepared from each sample in the Highway material laboratory. The test is proceed then
according to ASTM D 18839 (Standard Test Method for CBR (California Bearing Ratio) of
LaboratoryCompacted Soils) proceduresAASHTO T 19363.
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4.5. Data Collection

In this study, besides the 10 primary data 114 secondary data were collected from different
organizations namely:Addis Ababa City Road Authority (AACRA), Transport construction
design (TCD) and Best consulting engineers (Béstjally 124 laboratory datwere collected

and analysis is made to obtain the relationship between index properties and California Bearing

Ratio.

The primary data includethe laboratory tests such agtterberg limits, compaction
characteristics, specific gravity, grain size efi@vell and CBR. All tests used in this study are

performed on fingyrained soils that encompass, Black, White, and Grey soils.

The accuracy of the primary data depends onpiteeision of the laboratory work. For the
analysispart, tobring the primary and secondary data in similar platformtélcbnique used is
omitting the lab results which are exceptional like for higher liquid limit higher CBR values and

the like from the secondary data.
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5. LABORATORY TESTING OF SOILS
5.1Index property tests

The numerical results which are obtairfesim tests which carried out in order to classify a soill

are called indeyroperties. 15] Thereforeindex properties are tests which are used to determine
and characterized the basic propertiesafs. Theseproperties are particle size distribution,
specific gravity,moisture content, atterberg limasd moisturedensity relationships. Sdhis
chapte presents the determination and analysis of index properties and CBR tests with careful

follow up of procedures.
5.1.1Particle size distribution

It is a process of separation soils in to different fractions based on the partsiie. Ithas two

methals sieve analysis for coarse grained soils and sedimentation (and/or wet analysis) for fine
grained soils. Since most of soils are found mixed a combined analysis saadod-othe case

of this study hydrometema wet sieve analysis are used. A repnésteve 500gram aidried soll

is soaked foR4 hourswashedon No0.200(0.075mn) sieveand record the resultd.s wellas for
hydrometer analysis a representative 50gram oven dried soil is soaked for 24 hours and then the
hydrometer reading is recorded for 24hours.after alheessary data is recorded amélyzed,
thegradation curve isrowningwhich represents the distritton of particles of different sizes in

the soil mass. The curve plots as the percentage of fines as ordinate (natural scale) and the
particle size as abscissa(log scas)shown belowThe test is performed accordingAt®TM
D114097 procedurer AASHTO T88.

Table 5.1Typical steps for plottingarticle size distribution.

Sample Location Goro site, at 3m depth
Sample description Black, silty clay

Test procedure standards ASTM D114097

Date tested Sep.25,2015
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Fig.5.1 particle size analysis
5.1.2Specific gravity

Specific gravity of a solid particle is defined as the ratio of the mass of a given volume of solids
to the mass of an equal volume of waterat fil] specific gravity uses to determine particle size

distribution.

The test is done by ugl 250mland500ml pycnometer for two trails for each ssdimpleAbout
25gram of oven dried soil specimeneistered into the pycnometer usinfgnnel. Therwater is
added until thevater levelis %2 of the depth of the main body of the pycnométes. well mixed

until slurry isformed. Usingvacuumentrapped air is removed. Water is added to the air free
slurry carefully from reentering of aiChen the slurry with the pycnometer is weighted and
temperature is measured. The slurry is then removed; deam# dry the pycnometer. The
pycnometer is again filled with clean water upthe mark of the pycnomete®imilar to the
slurry the water with pycnometer is weighted and temperature is meaSunady, computation

is done as shown belovil.he test iperformed according to ASTM D 88® procedure.

Table 5.2. Typical steps for computation of specific gravity.
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Sample Location Bole arabsa,at 3m depth
Sample description White silty clay
Test procedure standards ASTM D 85402
Date tested Sep.24,2015
1 2

Pycnometer No. P1 P2
Weight of pycnometer + soil + water, W (g) 178.2 178.5
Temperature, JX°C) 23 23.1
Weight of pycnometer + water af TWpw(atTy) 162.50 | 163.00
Weight of drysoil,ws (gm) 25 25
Conversiorfactor, K 0.9993 | 0.9993
Specific gravity of soil at 20°c. 2.69 2.63
Average specific gravity ofsoill. 2.66

5.1.3 Atterberg limit

These test methods cover the determination of the liquid limit, plastic limit, and the plasticity
index of soils.Taking 200gram of 0.425mm sieve passaigdried soil considerable water is
added to moist the soil graiasd placed for hours. From this ab@0tgram of the mixed soil is

set aside for determination of plastic limit. Water contents are determinedphyasng the
blows number in to four parts from 15 up to 35.the soil mix at each blow number are taken and
oven dried for 24 hours from which water contents aaleulated. Theplot is drawn as the
moisture content as ordinate (natural scale) and nunidgows as abscissa (log scal&rom
theplot, the liquidlimit was determined by locating the watercontent at 25 blows.

For plastic limit from the 20gram mixed soil two ball like are rolled in 3mm tread on gkss
Thethread is rolled until the sodrumbled when it reached 3madmmeter. At this stage the soll

is taken and oven dried for 24 hours and water content is measured. Then the average value of
the water contents from two trails taken as pldsti¢. The tests are done accordingA8TM D

431800 procedures or AASHTO T 90

The plastic index is obtained by subtracting the plastic limit from liquid limit.

Table 5.3 Typical steps for Atterberg limit calculations
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Sample Location Koyefiche site aB.5m depth
Sample description Gray siltyclay
Test procedure standards ASTM D 431800
Date tested SEP.29,2015
Liquid Limit Plastic Limit
Trial No 1 2 3 4 1 2
Container No WT4 Wi T-7 T-6 AO G7
Mass of container, g 15.8 15.9 154 | 15.7 15.9 15
Mass of container Wet
soil, g 43.20 | 37.80 | 45.60 | 46.90 20.50 23.60
Mass of container + Dry
soil, g 35.50 | 31.30 | 36.10 | 36.90 19.70 21.80
Mass of water, g 7.70 6.50 9.50 | 10.00 0.80 1.80
Mass of dry soil, g 19.70 | 15.40 | 20.70 | 21.20 3.80 6.80
Water content, % 39.09 | 42.21 | 45.89 | 47.17 21.05 26.47
No of blows 33 26 21 6 | | - | e
Pl, %
Liquid Limit, % = | 43 Plastic Limit, % = 24 = 19
50.00
0\ .
< 4500 fecce===e====== S
= |
g :
o N
8 40.00 : N
g I
© 1
= 1
35.00 :
|
|
30.00
10 100
No.of bows
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Fig.5.2 Atteberg limit analysis.
5.2 Free swell

Test procedure for free swell was gegted by Holtz and Gibb® measure the expansive
potential of cohesive soils. The test is not standardized by ASTM. The procedure consists of
pouring very slowly of 10 cubic centimeters of that part of the dry soil pasgingO\sieve in to

a 100 cubic centimeters graduated sueeng cylinder and letting the content stand for

approximatelytwenty-four hours until all the soil completely settles on the bottom of the

graduating cylinder. Then the final volume of the soilased. B]

Fig.5.3 Laboratory testing of free swelling
5.3 Compaction

The standardaboratory compaction method is used to determine the relationship between water

content and dry unit weight of soils (compaction curve).

28

By Winta Amare ( Ms.C paper in Geotechnical Eng.)



PREDICTION OF SOAKED CBR OF FINE GRAINED SOILFROM INDEX PROPERTIES; CA
OF SILTY CLAY SOIL

A soil at selected water content was placed in three layers into a mold of given dimensions, with
each layer compacted by 25 blows of 24.4kN rammer dropped from a distance of 305mm,
subjecting the soil to a total compaction efforabbut 600 kN2, The esulting dry unit weight

is determined. The procedure was repeated for sufficient number of water contents to establish a
relationship between the dry unit weight and the water content. The values of optimum water
content and maximum dry unit weight weretermined from the compaction curve. The test is
conducted according to ASTM 69® or AASHTO T 99 The procedure of computation is

illustrated in Tablé.5as follows.

Table 5.4Typical steps for calculations of OMC and MDD

Sample Location Koyefichesite at 3.5m depth
Sample description Gray, silty clay

Test procedure standards ASTM 698-00

Date tested Oct.5,2015

Trial No. 1 2 3 4 5
Mass of Mold, g 3137.4| 3137.4| 3137.4| 3137.4| 3137.4
Mass of mold + Compacted

Soll, g 4511| 4670.4| 4780.6| 4810.7| 4740
Mass of Compacted soil, g 1373.6/ 1533| 1643.2| 1673.3| 1602.6
Volume of Mold, cm3 944 944 944 944 944
Bulk density, g/cm3 1.46| 1.62 1.74) 177 1.70
Water Contety % 17.37| 20.83| 24.23| 28.71| 31.76
Water Content

Cortainer No L-1 T-3 Wi W-P 3-F
Mass of container, g 15 15.2 15.8 15.8 15.8

Mass of container + wet soil, g 40 50 39.9 41.8 | 54.8

Mass ofcontainer + Dry soil, g | 36.3 44 35.2 36 45.4
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Mass of Water, g 3.7 6 4.7 5.8 9.4
Mass of Dry sail, g 21.3 | 28.8 194 | 20.2 | 29.6
Water content, % 17.37 | 20.83 | 24.23 | 28.71 | 31.76
Dry Unit Weight, g/cm3 1.24 1.34 1.40 1.38 | 1.29
Moisture-Density Curve
1.45
1.40
/I
1.35 /r :
1.30 : \
= |
2 1.25 / :
(]
© 1
> 1.20 I
5 i
1.15 :
1
1.10 :
1.05 ;
I
1.00 !
10.00 15.00 20.00 25.00 30.00 35.00 40.00
Water Content,%

Fig.5.4compactiorcurve, fordetermination of MDD and OMC

5.4 California Bearing Ratio

As previously discusse@€BR is use for the determination of the natural subggaend

strength and its suitability for pavement design

This test used for determination of tikBR of a material at opnum water contenfrom

compaction test.

Taking about 6kg of 4.75mm sieve passing air dried soil, mixed it using the optimum water

content which is found from compactioest. Thesoil is compactedy separatingnto 5 layers
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using 4.54kg rammerand it compacts 56 blows for éapdr. The spacattisk is removed from
the mold weight and moisture contents measurement ardakem. Themold issoakedn the

water full container for 4 days by recording the initial swellisfier four days the final swelling
is recorded and the mold is out from twater and put on the table of loadintachine. The
loading machinegpenetrates the specimen at a rate of 1.27mm/minreadings areecorded
from initial up to 7.62mmAfter all the necessary data is recorded andlyzedthe curve is

drown.

Fig.5.5 photo of soaked soil mold for CBR test

The CBR is then determined by reading from the curve the load that causes a perét2afidon
mm and dividing this value by the standard load (6.9 MiRguired producing the same
penetréion in the standard crushed stoBamilarly, the CBR at 5.08 mm penetration is obtained
by dividing the load causing penetration of 5.08mm with the load of 10.3MPa required to
produce the same penetratiorstandard crushed stone. The two valueskae tompared and if
the 2.54 mm value is greater théime 5.08mm value, it is the CBR of the material and used for
designpurposes. If on the other hatite 5.08 mm value is larger, the test is entirely repeated on
a fresh specimen. If the new percentagki® at 5.08 mm penetration is sgheater, thenhis is
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taken as the CBRalue. Theanalysistableand loadpenetratiorcurve isconducted according to

AASHTO T 19363 olASTM D 188399 as illustrate below.

Table 5.5ypical steps for calculation CBR value.

Sample Location Bole arabsa site at 3mm
Sample description White, silty clay
Test procedure standards ASTM D 188399
Date tested Oct15 2015
Ring
Penet. _ Standard stress
Reading | load Stress CBR
(mm) (Div.) | N N/mm?2 (N/mn) %
0.00 0.0 0 0
0.64 22.0 565.554| 0.292276
1.27 35.0 899.745| 0.464984
1.91 45.9 1179.951| 0.609794
2.54 58.9 1514.142| 0.782502 6.9 11.34062
5.08 96.5 2480.726| 1.282029 10.3 12.44688
6.35 117.0 3007.719| 1.554377
7.62 132.0 3393.324| 1.753656
X Stress vs penetration curve
N —
e 15
S
Z__ 1 _
(%)) =
0
0 /
i 0.5 >l
0 /

0.00

1.00

2.00

3.00 4.

00 5.00 6.00 7.00 8.00

Penetration,mm

9.00

Fig.5.6lllustrationof stress vs penetration curve for determinatioGBR.
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Table 5.6 summary of primary test results

AASHTO
percent passing, % atterberg limit compaction

Classification

Gravel  Sand Silt Clay FC LL PL PI OMC, % MDD

1.2 11.1 432 445 877 49 32 17 A75 25 1.35 8 28

SS2 0.4 11 326 56 88.6 48 30 18 A75 24.5 141 9 35
SS3 2.2 22 318 44 758 42 32 10 A75 20.5 1.42 14 25
SS4 1.3 11.4 383 49 873 47 33 14 A75 24 1.4 11 30
SS5 0.8 17.8 26.4 55 814 46 28 18 A7-6 22.5 1.45 12 38
SS6 1.2 34.1 247 40 64.7 41 29 12 A75 19 144 18 25
SS7 0.7 175 36.8 45 818 49 35 14 A75 27.5 1.38 10 30
SS8 ALl 33.6 193 46 653 45 30 15 A75 33 144 13 30
SS9 4.9 26.6 235 45 685 44 29 15 A7-6 215 1.45 17 25
5.2 27 29 388 678 43 24 19 A7-6 24.5 1.43 16 25
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6. DATA ANALYSIS, RESULTS AND DISCUSSIONS
6.1 Introduction

The purpose of correlation analysis is to measure and interpret the strength of a linear or
nonlinear relationshipetween two continuous variablBsfore obtaining the relations between

two or more variables, valid data must be collected that may beniigtdrom experiment
(primary data) or may be collected from known sources (secondary data). In this thesis both
primary data (10 samples) and secondary data (114 samples) are collected. In this Chapter

analysis have been done to develop possible refdtips among the parameters.

To obtain a relation between two or more variables many methods can be used. But for this
thesis two common methods are used. Namely, Scatter ploRegiession AnalysisDetail

discussiorand analysis of each method is presdriielow.
6.2 Scatter plot and BesFit curve

Scatter plots of the variables are done by using MS excel spreadsheet. This software is chosen
because it is found to be the most powerful and manageable tool for scatter plot analysis and

determination of coalation between two variables.

According to aim of the thesis the scatter plots are done to express the degree of correlation
strength of the dependent variable CBR by each iggnt variables of LL, PIRI,OMC and
MDDfor both primary and all collected daféhe figuresof scattemplot areshown below

6.2.1 Scatter plot for primary data

The scatter plots of the primary data are done by collecting the results of the laboratory

controlled tests of 10 soil samples. $hargresented on fig 6-6.6as shown below.
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A. Relation between LL and CBR

20 LL vs CBR
18 K

*
16 \\t\

14 - —
; \

O\O. \
X 10
O . y =-1(0914x |+ 62 349 1
) R2 = 0.§392
4
2
0
40 41 42 43 44 45 46 47 48 49 50
Liquid limit,%
Fig 6.1 Scatter plot and bef#t curve of liquid limit and CBR
B. Relation between PL and CBR
PL vs CBR
20
18 +
*
16 3 \
14 .
S 12 ,\
X 19 \#
[oa)
O g vy =-0.6411x + 32{163 * .
5 Rz E 0.3254
4
2
0
0 5 10 15 plasti@limit, % 2° 30 35 40

Fig 6.2 Scatter plot and bef#t curve of Plastic limit and CBR
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C. Relation between Pl and CBR

Pl vs CBR
20
18 3
.
16 *
14 ¢
X 12 m
& 10 .
O 4 y =-0{375x + 18.5 s
R71=0.098
6
4
2
0
5 7.5 10 12,5 15 17.5 20
Plastic index,%
Fig 6.3 Scatter plot and befdt curve of Plastic index and CBR
D. Relation between OMC and CBR
OMC vs CBR
20
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¢
16 *
14 —he-
R 12 o\\ hd
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O 4 y =-0.3754x + P1.886 “
Rz =0.18)
6
4
2
0
0 5 10 15 oMmC, 90 25 30 35

Fig 6.4 Scatter plot and beft curve of Optimum moisture content and CBR
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E. Relation between MDD and CBR

MDD vs CBR
20
18 4
y = 79.501} 99.852 *
1o RZ=0J5752 SEES
>
O\o 12 // 5
m
8 —
6
4
2
0
1.34 1.36 1.38 1.4 1.42 1.44 1.46

MDD

Fig 6.5 Scatter plot and beft curve of Maximum Dry Density and CBR

As shown above, California bearing ratio(CBR) is dependent variable and LL, ,RRM®l and

MDD are independent variables. From the figures it can bebfigait CBR has strongegative
correlation with LL and on fig.6.1 and weakest negative correlation with plastic index as shown
on fig.63. Onthe otherhand,CBR has relatively strong positive correlation with MDD as on
fig.6.5 shown. The plots also shothe type of correlatioramong variables, in this case the

relation seems non leaner.

In generaljt can beconcludethat for preliminary soil investigation the CBR of fine grained soils

(especiallysilty clay) can be predicted from liquid limit, LL withbsignificant errors.
6.2.2 Scatter plot forcombined fprimary & secondary) data

These are the scatter plots of the combined data. 10laboratory experirsemigdsand 114

from known consultingompaniesFigures 6.6.11are shown below.
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A. Relation beaween LL and CBR
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Fig 6.7Scatter plot and beét curve of liquid limit and CBR

B. Relation between PL and CBR
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Fig 6.8 Scatter plot and besit curve of Plastic limit and CBR

C. Relation between Pl and CBR
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Fig 6.9 Scatter plot and best curve of Plastic index and CBR

D. Relation between OMC and CBR
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. OMC & CBR
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Fig 6.10 Scatter plot and best curve of otimum moisture content and CBR

E. Relation between MDD and CBR
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Fig 6.11 Scatter plot and best curve of Maximum Dry Density and CBR
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Similar to the primary data, the plots of the combined dahtavsstrong negative correlation of
CBR with LL, weakest correlation withJg and relatively strong positive correlation with MDD.

6.3 Correlation and Regression analysis

Correlation and regression are statistical methods that are commonly used in the applied science

to compare two or more variables. But they are quite different.
6.3.1 Correlation

Correlation measures the associatietween two variables and quantities the strength of their
relationship. Correlation evaluates only the existing data.Correlation provides a numerical
measure Dthe linearrelationship between two continuous variables X and Y. Theltmeg
correlationc oef f i ci ent knowihras thea Pearsod prodgct moment correlation
coefficientafter the mathematician who first described it. X keown as the
independengxplanatory variablewhile Y is known ashe dependentsponsg variable. A
significant advantage of thecorrelation coefficient is that it does not depend on the units of X and

Y and can therefore be used to compare any two variables regardless of thdit4]nits

An essential first step in calculating a correlatmefficient is to plot the lservations in a

Ascatt eomr dgirszmdter ploto to visually evaluate

presence of outlying value§hese scatter plots are shown on above dg6r16.11

The calculation of theorrelation coefficient is mathematically complex, but readily performed
by most computer statistics programs which is called Statistical Package for SwerateS
(SPSS). Correlation and correlation coefficient of the laboratory experimented samples and

secondary data are present on tablés& 6.2as shown below.
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Table 6.1Correlation coefficients (R) between variables for primary data

Corrglations
LL PL Pl oMC MDD CBR
LL Pearson Correlation 1 0.535 0.435 0.483-.707* [-.916**
Sig. (2-tailed) 0 0 0.001 0.00Z2 0
N 10 10 10 10 10 10
PL Pearson Correlation 0.535 1/ -0.528 0.181 -0.629 -0.57
Sig. (2-tailed) 0 0 0.003 0.004 0
N 10 10 10 10 10 10
Pl Pearson Correlation 0.435 -0.529 1 0.291 -0.04 -0.319
Sig. (2-tailed) 0 0 0 0.013 0
N 10 10 10 10 10 10
OMC Pearson Correlation 0.4827 0.181 0.291 1 -0.21 -0.434
Sig. (2-tailed) 0.001 0.003 0 0.002 0.014
N 10 10 10 10 10 10
MDD Pearson Correlationr.707* -0.629 -0.04 -0.21 1|.758*
Sig. (2-tailed) 0.002 0.004 0.013 0.002 0.011
N 10 10 10 10 10 10
Sig. (2-tailed) 0.005 0.0127 0.001 0 0.028 0.001
N 10 10 10 10 10 10
CBR Pearson Correlationy.916** -0.57 -0.313 -0.434.758* 1
Sig. (2-tailed) 0 0 O 0.014 0.011
N 10 10 10 10 10 10
* Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
Where L ,PL, PlI, OMC and CBR in % and MDD ireg/cm
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Table6.2 Correlation coefficients (R)etween variables for allata.

Corrglations
LL PL Pl OoMC MDD CBR
LL Pearson Correlation 1{.648* .680** 353 [-.674* |-.814*
Sig. (2-tailed) 0 0 0 0 0
N 124 124 124 124 124 124
PL Pearson Correlation |.648** 1| -0.092.336** |-.506** [-.554**
Sig. (2-tailed) 0 0.014 0 0 0
N 124 124 124 124 124 124
Pl Pearson Correlation |.680** -0.097 1 0.157-.415** |[-.528**
Sig. (2-tailed) 0 0.014 0.031 0 0
N 124 124 124 124 124 124
OoOMC Pearson Correlation|.353** .336** 0.157 1{-.470** [-.542**
Sig. (2-tailed) 0 0 0.031 0 0
N 124 124 124 124 124 124
MDD Pearson Correlation|-.674** |-.506** |-.415** |-.470** 1(.719*
Sig. (2-tailed) 0 0 0 0 0
N 124 124 124 124 124 124
Sig. (2-tailed) 0.003 0.004 0.003 0.005 0.002 0.451
N 124 124 124 124 124 124
CBR Pearson Correlation |-.814*  |-.564** |- 528** |- 542** | 719** 1
Sig. (2-tailed) 0 0 0 0 0
N 124 124 124 124 124 124
**_ Correlation is significant at the 0.01 level (2-tailed).
Where LL, PL, Pl, OMC, P200 and CBR in percent (%) and MDD in g/cm3
The result of 6r6 value is influenced by

standard deviation as well as markedly influence by a siogtlying value. The square of

6G v al u e as khe aeffitient of determination of.R describes the proportion of change in

the dependent variable CBR which is explained by each independent variable LIORCPI,

and MDD For example, ast seen on the above tabthe value of r is 0.814 between the
dependent CBR and independent varidble Therefore,coefficient of determination Ris 0.
663.Thismeans about 66.3% of the change in CBR can be explained by a change in LL. And this
is the same for all variables shown on taele. Thearger the correlation coefficient, the larger

the coeficient of determination, and the more influence changes in the independent variable

have on the dependent variable.
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6.3.2 Regression analysis

Regression uses the existing data to define a mathematical equation which can be used to predict
the value of one variable based on the value of one or more other variables. The regression
equation can therefore be used to predict the outcome of obsesvatb previously seen or
tested. I5]Regression analysismathematically describes the dependence of the Y variable on the
X variable and constructs an equation which can be used to predict any value of Y for any value
of X. Regression analysis can be twygpes. These are Simpégression and multiplegression

analysis.
A. SimpleRegression

Simple linear regression considers a single independent or predictor x and a dependent or

response variableY.the dependent caddseribedy the model:
Y= b+axfor linear(6.1)

WhereY is the dependent variable, X is the single independent variable, a isitherdept of

the regression line, and b is the slope of the line (also known as the regression cogftigjient)
B. Multiple Regression analysis

A multiple regression is a model that contains more than one independent variable to describe
the dependent one. The dependent caseeribedy the model:

Y=ao+ aiXx1+ aXo+ axse € € é f or (B.2) N=eaa + axi+ axXz + aXs + aux1® + ax2® +
aex3’€ + n-&1"+ & +x3"  for nonlinea(6.3)

Where, a,&,a€ € . »=aoefficients of the independent variables
X1,X2,X3€& € . % the independent variables

Y= the response (dependent variable)
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In addition to deriving the regression equation, regression analysis also draws a line of best fit
through the data points of the scatter gr am.
the relationship between the variables fits a straigh, lior nonlinear, in which case a

polynomial equation is used to describe the relationship.
6.3.2.1 Regression analysis between CBR and LL

Table 6.3 summary model of Regression analysis between CBR and LL

Model Summary

R R Squarg Adjusted R | Std.Error of

Square the Estimate)

.814 .663 .661 2.447

The independent variable is LL.

Coefficients

Unstandardized Standardize( t Sig.
Coefficients Coefficients
B Std. Error Beta
LL -.634 .041 -.814| -15.502 .000
(Constant) 38.295 1.711 22.379 .000

Themodel equation is then:
CBR=38.2950.634LL with R? =0.663 (6.4)
Where LL and CBR in percent (%)

6.3.2.2 Regression analysis between CBR and PL
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Table 6.4 summary model of Regressamalysis between CBR and PL

Model Summary

R R Squarg Adjusted R | Std. Error of
Square the Estimate)
.554 .306 301 3.512

The independent variable is PL.

Coefficients
Unstandardized Standardizeq t Sig.
Coefficients Coefficients

B Std. Error Beta
PL -.585 .080 -.554| -7.342 .000
(Constant) 28.493 2.270 12.553 .000
The model equation is then:
CBR=28.4930.585pL with R =0.306 (6.5)

Where PL and CBR in percent (%)

6.3.2.3Regression analysis between CBR and PI
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Table 6.5 summary model of Regression analysis between CBR and PI

Model Summary

R R Squarg Adjusted R | Std. Error of
Square the Estimate|
.528 279 273 3.580

The independent variable is PI.

Coefficients
Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
Pl -.560 .081 -528( -6.874 .000
(Constant) 19.389 1.123 17.258 .000

The model equation is then:
CBR= 19.3890.560PI with R? =0.279 (6.6)
Where Pl and CBR in percent (%)

6.3.2.4 Regression analysis between CBR and OMC
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Table 6.6 summary model of Regression analysis between CBR and OMC

Model Summary

R R Squarg Adjusted R | Std. Error of

Square the Estimate)

542 293 .287 3.545

The independent variable is OMC.

Coefficients

Unstandardized Standardizeq t Sig.
Coefficients Coefficients
B Std. Error Beta
OMC -.507 071 -.542| -7.114 .000
(Constant) 24.175 1.742 13.876 .000

The model equation is then:

CBR=24.1750.5070MC with R?=0.293 (6.7)

Where OMC and CBR in percent (%)

6.3.2.5 Regression analysis between CBR and MDD

Table6.7 summary model of Regraes analysis between CBR and MDD

Model Summary

R R Squarq Adjusted R | Std. Error of
Square the Estimate)
.758 575 .568 2.761

The independent variable is MDD.
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Coefficients

Unstandardized | Standardizec t Sig.
Coefficients Coefficients
B Std. Error Beta
MDD -116.640 33.230 -4.611] -3.510 .001
MDD ** 2 43.524 10.716 5.335 4.062 .000
(Constant) 86.943 25.524 3.406 .001

The model equation is then:

CBR=24.175116.640MDD + 43.524MDP with R? =0.575 (6.8)
Where MDD in g/crdand CBR in percent (%)

By carrying out multiple regressionsthe following model is found.

6.3.2.7 Multiple Regression analysis between CBR and all parameters.

Table 6.9 summary model of Regression analysis between CBR and All parameters

Model Summary

Mode R R Squard AdjustedR | Std. Error of
I Square | the Estimate
1 879 A72 .756 2.07435
a. Predictors: (Constant), MBDPI, OMC, PL, LL,MDD
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Coefficients?

Model Unstandardized Standardizeq t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 69.555 20.316 3.424 .001
LL -.607 .209 -. 780 -2.904 .004
PL .203 210 192 .965 337
Pl .188 218 A77 .863 .390
1 OoMC -.222 .049 -.237| -4.538 .000
MDD -53.305 26.464 -2.107f -2.014 .046
MDD?2 19.273 8.627 2.362 2.234 .027

a. Dependent VariableCBR

It can be notice that parameters which were significant on above tables
insignificant on table 6.9 therefore to determine the improve model w
stepwise regression analysis. This analysis works by excluding the par:
which have lessfluence on the prediction of CBR. And these are shown belc
table 6.10.
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Table 6.10 summary model of stepwise Regression analysis between CBR and included

variables

Model Summary

Mode R R Squard Adjusted R | Std. Error of

I Square | theEstimate

1 814 663 661 2.44713
2 .859 737 733 2.17128
3 872 761 755 2.08044
4 877 770 762 2.04889

a. Predictors: (Constant), LL

b. Predictors: (Constant), LL, OMC

c. Predictors: (Constant), LL, OMC, MDD2

d. Predictors: (Constant)l., OMC, MDD2, MDD
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ANOVA?2
Model Sum of df Mean F Sig.
Squares Square

Regression 1439.035 1 1439.034 240.304 .00C
1 Residual 730.589 122 5.988

Total 2169.624 123

Regression 1599.17¢ 2 799.584 169.604  .00C
2 Residual 570.449 121 4.714

Total 2169.624 123

Regression 1650.239 3 550.080 127.092 .00C
3 Residual 519.385 120 4.328

Total 2169.624 123

Regression 1670.073 4 417.518 99.459 .00C°
4 Residual 499.551 119 4.198

Total 2169.624 123

a. Dependerivariable: CBR

b. Predictors: (Constant), LL

c. Predictors: (Constant), LL, OMC

d. Predictors: (Constant), LL, OMC, MDD2

e. Predictors: (Constant), LL, OMC, MDD2, MDD
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Coefficient
Model Unstandardized | Standardizec t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 38.295 1.711 22.379 .000
' LL -.634 .041 -.814( -15.502 .000
(Constant) 41.521] 1.616 25.693 .000
2 LL -.554 .039 - 712 -14.292 .000
OoMC =272 .047 -.290[ -5.828 .000
(Constant) 31.484 3.307 9.521 .000
LL -.451 .048 -.580( -9.455 .000
3 OoMC -.217 .047 -.232| -4.578 .000
MDD2 1.822 .530 223 3.435 .001
(Constant) 72.663 19.222 3.780 .000
LL -421 .049 -.541( -8.603 .000
4 oMC -.220 .047 -.235( -4.701 .000
MDD2 20.021 8.389 2454 2.387 .019
MDD -55.860 25.699 -2.208, -2.174 .032

a. Dependent Variable: CBR

From the above summary analysis table, 4 models are presented.

V Equation of model 1;

CBR =38.295 0.634LL with R>=0.663(6.10
V Equation of model 2;
CBR =41.527 0.554LL7T 0.2720MC with R=0.7376.11)
V Equation of model 3;
CBR=31.484 0.451LL- 0.2170MC + 1.822MDB with R?= 0.761 (6.12
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It can be observe that tvalue of R square is greater on model 4 compared to other models. As
well as it is significant. So the improved equation will be:

V Equation of model 4;
CBR=72.6630.421LLi 0.2200MG55.86MDD+20.02MDD?with R?>=0.770 (6.13
Where LL, OMC and CBRn percent (%) and MDD in g/ch

The above equation is therefore the final prediction equation of TCBR.means the equati
modelis able to express 77% of the variation of CEF other hand about 23% CBR is not

explained by the develop equation.

Table6.11 Summary of regression equations and their correspondiveguR in predicting CBR

M/N Coefficients of predictors Output Equations R
LL PL [Pl |OMC MDD |MDD?

1 |-0.634 CBR=38.295- 0.634LL 0.663
2 -0.59 CBR=28.493- 0.585pL 0.306
3 -0.56 CBR=19.389- 0.560PI 0.279
4 -0.507 CBR=24.175- 0.5070MC 0.293
5 -116.6| 43.524/ CBR= 24.175- 116.640MDD + 43.524K1DD 0.575
6 ¢ hdppn |¢ NPHTH CBR = 41.521 i 0.554LL [0.787
7 |¢C noHnpwm -0.217 1.822|CBR=31.484 i 0.451LL- 0}0261
8 |cndpHM CI‘ICDH-E5I8620.021/.Wr'TH(DCCOCJ'I(DI'IHM[[CI'I(DHHZI 0.77

Where LL, PL, PI, OMGind CBR in percent (%) and MDD in g/2Zm

Note: M/N=model number, LL=liquid limit, PL=pktic limit, Pl=plastic limit,CBR=California

bearingratio, OMC=0ptimum moisture content and MDD=maximum dry density
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6.4 Comparisons between the actual CBR and developed equation

The purposes of having laboratory tested samples weeteve control points for the collected

data from different consultingrms, for verification and test of the developeduations. The

comparison table is present below.

Tale 6.12comparison of actual value with developed equation.

sample Actual Developed Variation,
code LL OMC | MDD |CBR eguation %

SS1 49 25 1.35 8 7.6112725 5.10726032
SS2 48 24.5 141 9 8.1061501 11.0268116
SS3 42 20.5 1.42 14 11.5201444 21.5262545
SS4 47 24 14 11 8.63316| 27.4156856
SS5 46 22.5 1.45 12 9.4441525 27.0627513
SS6 41 19 1.44 18 12.2991454G 46.3516295
SS7 49 27.5 1.38 10 7.0251924 42.3448559
SS8 45 33 1.44 13 7.5351456 52524868
SS9 44 21.5 1.45 17 10.5061525 56.809949
SS10 43 24.5 1.43 16 10.2311429 56.3852656

6.5 Discussions

As the aim of the thesis is to formulate a correlation between the variables of the stated
parameters, which is expected to predict the value of CBR, an attempt is nuddainowhich
one of the predictors can be strongly related with dependent variebfgedicting the value of

CBR two options or statistical methods are used.

The first is the correlation table. Both from the primary and secorutesy correlatiortable it
can be noted that CBR is strongly related withfrom other atterberg limits awell as with
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MDD from compaction test. The correlation table also helps to show that the positive and
negative (the increase or decrease) effect of each variable on the dependent variable CBR as well

as level of significant and number of samples used.

The other method is using regression analysis. First each independent variable is analyzed its
effect and prediction capacity one by one. The analysis is then expressed using equations. From
these equations it can be observed that CBR has relatively stvaedption with LL and MDD

which have R=0.663 and R=0.575 respetively.

After having these equations and the corresponding coefficient of determination values, multiple
regression is used by stepwise methbadis is done to include and exclude the mafkiential

and not influential variables respectiveljhe result of this analysis gave 4 models with their
corresponding coefficient of determination values. According to the analysis the model with
| ar goev adsrthe more that explains or predicat€BRTherefore,model number 4 with
R2=0.770 is chosen as final equation to predict CBR. This means the CBR value is more
influenced by LL,OMC and MDD of the silty clay soil.

As the Iguid limit of the soil increase, it shows the weak quality of thetgpé for being used

as pavement material. On the othand,higher dry density results higher CBR value at constant
moisture content. This condition might be the possible reason that the CBR value has good
correlation with LL,OMC and MDD.
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7.CONCLUSION AND RECOMMENDATION

The main focus of this research is on the outcome of predicting of CBRrid®r properties of
fine grainedsilty clay soils Considering this all the necessary data and statistical methods are
usedin order to achieve thgoal.Based on these a number of conclusamsrecommendations

are made
7.1 Conclusion

V Liquid limit highly affects the value of CBR with?R0.663. This means ariiycrement in
LL will decrease the value of CBR by 66% since they have inversely progartion
relation.

V The prediction of CBR value by Pl and PL expresses Rftf0.279 and R=0.306 in
which the can predict less than 50% with negative slope.

V Maximum dry density has directly proportional relation with CBR. The increment in
MDD is the increment il€BR by 57% which mean it hag0.575

V The prediction of CBR using OMC is weak wittf-R.293 by inversely proportional

relation.

Generallythe larger the correlation coefficient, the larger the coefficient of determination, and

the more influence changasthe independent variable have on the dependent variable.

V Liquid limit and maximum dry density of the soils affects the value of California bearing
ratio.

V From the developed equations, the combination of LL, OMC and MDD gives relatively
strong correlation and can be ableipress the CBR value about 77% witlF®770

V The comparison between the developed equation and the actual CBR value is relatively
good.The small percent difference comes because of that the developed eqaathm
express about 77%. In other word it is not a perfect relation about 23% a change in CBR
cannot be explain by the predictors of LL, OMC and MDD.
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7.2 Recommendation

Even ifthis thesis is done with high effort to get good results as much as can, but there are some
limits that may fulfill by other studies.

i.  The predicted correlation of CBR value is limited to the standard compaction effort.
However, when the soil is compactdaddéferent energy the result may vaiherefore,
it is better to do further study using different compaction energies such as modified
proctor test.

ii. The sample size which were used as a control point aff@gt the required result.
Therefore, more nunds of sample size with accurate laboratory test may increase the
prediction result.

iii. In order to get the perfect relation among the variables and to develop the extent of
applicability further works are required.

iv.  For comparison and better results further studies can be done using Ridge Regression
and Artificial Neural Network.
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