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Abstract
At present ethiopia’s infrastructure is expanding rapidly. A large number of new urban and lightly

trafficked roadsare planned or under construction. This in addition to maintenance of existing

roads results in large amount of material testing.

The CBR isthe most commonly used comprehensive test method for ensuring sub grade material

quality in road design application.

As a result, this study evolved to find the correlation between CBR values with soil index
properties specific to Azezo-Gorgora road sub grade soils. The study has examined the
feasibility of single linear regression analysis and multiple linear regression anaysis in
correlating CBR value with soil index properties. Accordingly, thirty four disturbed samples
collected from different parts of selected route and the required laboratory tests have been

conducted in order to achieve the intended correlations.

Specific to this research, statistical software (SPSS) is employed to investigate the significance
of individual independent variables. The correlation is established in the form of an equation of
CBR as a function of grain size parameter, Atterberg limits and compaction parameters by
considering the effect of an individual soil properties and effect of a combination of soil
properties on the CBR value. The developed correlation entailed a moderate determination
Coefficient of R?~0.588 using single regression analysis, while multiple regression analysis
generated relatively an improved correlation of R?= 0.631, for a sample size of thirty four. After
validating the developed correlation with test results, it was noted that the correlation of CBR
value with soil index properties is more applicable for preliminary characterizing the
strength of sub grade soil.
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CHAPTER ONE
INTRODUCTION

1.1 Background
California Bearing Ratio(CBR) is commonly used by civil engineers particularly those involved in

pavement construction to assess the stiffness modulus and shear strength of sub grade[1]. It is actually
an indirect measure, which represents comparison of the strength of sub grade materia to the strength of
standard crushed rock referred in percentage values. The method was originally developed at California
Division of Highways in 1930s to provide an assessment of relative stability of fine crushed rock base
material [1].

With an intention to adopt a more simplified test method to measure the stiffness modulus and shear
strength of sub grade soil a simpletest that can be used as an index test was devised. This iswhere CBR
test comes into frame in measurement of sub grade strength. The CBR test is asimple strength test
that compares the bearing capacity of a material with that of a well graded standard crushed stone base
kept in California Division of Highways Laboratory [1]. This means that the standard crushed stone
material should have a CBR value of 100%. The resistance of the crushed stone under standardized
conditions is well established. Therefore, the purpose of a CBR test is to determine the relative
resistance of the sub grade material under the same conditions.

Usualy, the CBR values are used by road material engineers to design the thickness of pavement that
will be laid on top of the sub grade. Sub grade that has lower CBR vaue will have thicker pavement
compared with the sub grade that has higher CBR value. In other words, the design of pavement is very
much dependent on the CBR vaue of sub grade. Different soil types give different values of CBR
although it is compacted at the same amount of energy and rate of penetration. Conventionaly, CBR
value can be measured directly from field test in accordance BS1377:1990, ASTMD4429 and
AASHTOT193.

CBR is actually an indirect measure which represents comparison of the strength of sub grade, sub-base
and base-course material to the strength of standard crushed rock quoted in percentage values.

Laboratory CBR test requires relatively large effort to conduct the test and it is time consuming.
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The alternate method could be to correlate CBR with simpler tests results such as soil index properties.
These tests are much economical and rapid than CBR test. This thesis gives an overview to obtain a
correlation between CBR values with soil index properties that is suited for Azezo-Gorgora road sub

grade soil.

Currently, many road construction projects and railway constructions are undergoing in the country. In
light of this, the output of the proposed correlation will provide road authorities, railway authorities,
consultants and contractors preliminary background information on the value of CBR, for localized
sub grade material, from soil index properties with abenefit of time saving and without incurring any
additional cost for carrying out laboratory CBR test.

1.2 Statement of the Problem

Soil is diverse information and in character and hence accurate prediction of its engineering behavior is
of research interest in civil engineering area .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 time are gathered. Though various 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.

Therefore, identification of factors that influence the soil strength, studying their relationship with CBR
value and performing necessary tests on loca representative soils sample can be considered as a good

insight of soil behavior.

Since CBR test require large amount of material and time consuming to perform and Azezo-Gorgora
road is 57km length road and the route pass trough different geological formation and need enormous
amount of material sample to check the strength of sub grade and to check the strength of selected

material for construction predicting CBR from index properties must be assess.
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1.3 Objective
1.3.1 General Objective

The purpose of the research is to develop empirical relationship between CBR values and soil index
properties (indices related to gradation characteristics, maximum dry density, and optimum moisture

content, and Atterberg limit).

1.3.2 Specific Objective
% To predict CBR vaue from index properties of soil collected from Azezo-Gorgora road area

using Statistical regression analysis.

1.4 Scope and limitation of the thesis

The samples collected were nearly representative of the soil along the selected route. The samples were
taken from sub grade soil. In addition to sampling limitation the sampled soil was fine-grained soil

subjected to limitations on the prediction and testing of granular material.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Definition of California Bearing Ratio (CBR)
The CBR is essentially a measure of the shear strength of amaterial at aknown density and moisture

content. The shear strength of soils can generally be considered in terms of Coulombs Law,as discussed
by(Croney,1977).Failure of soil occurs when individual grains moves relative to one another
( Rosenak,1963), as described in fundamental soil mechanices equation 2.1 illustrates the relationships
between the shear strength (or resistance to shear) of the soil and its choesion and angle of shearing

resistance (friction angle).

SECH GRlANQ. ..t 2.1
where s = shear strength
C = cohesion

on = nhormal stress
¢ = angle of shearing resistance

It is clear that the shear strength of non chosive soils is determined solely by friction physical and inter
locking of particles whilst in cohesive materials the shear strength depends on both choesion ( the water
bonds between clay particles) and internal friction. In roads construction material entirly choesive
natural materials are not generally used. Natural material are usually found to be amixture of choesive

and non choesive constituents.

The strength of a soil material therefore comprises two components. The frictional components, which
depends on the friction and interlock between the soils grains is a function primarily affected by the
particle size distribution (grading) of the material. This component is also affected by an applied stress
normal to the shear plane. The effect of compaction on particle interlock must be anticipated,particularly
when discussing compaction related tests carige (1997:28) states compaction is the process of increasing
the density of soil by packing the particle closer together with a reduction in the volume of air there isno
significat change in the volume of water in the soil (this statement must considered in the context of the

CBR where the sample is not only compacted, but soaked for four days.
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The second strength component is the cohesion of the materialthe effect of cohesion isinflunced by the

grain size (distribution), the affinity of the particles to moisture(plasticity) and the moisture content.

Cosidereing the above it is apparent why compaction of any tested materia results in increased soils
strength. The particle interlock and particle packing is modified during compaction resulting in forced
inter locking and denser packing. However,with three compactive efforts being used thoughout(i.e
95%,98% and 100% Mod AASHTO),the prediction of CBR vaues would therfore require analysis of
parameters representing interlock friction and cohesion. In the absence of thermometer resukts in the
data available for the research. The constituent finer than 0.075mm (p075) will be considered as
representative of cohesive materials. Atterberg Limitsreflecting the relationship between amaterials
moisture content and placticity, are also associated with the cohesion of such a material the grading and

atterberg limits are therfore demmed the critical parametersin the prediction of CBR.

2.1.1 History of California Bearing Ratio
By definition CBR can be considered as follow: The California bearing ratio of a material, isthe load in

Newton’s expressed as a percentage of California standard values, required to allow a circular piston of
1935mm to penetrate the surface of a compacted material at rate of 1.27mm per minute to a depth of of
2.54mm, 5.08mm and 7.62mm.the California standard value for depths are 13344N, 20016N and
25355N respectively (TMH1, 1986:35).In order to appreciate the development of CBR, a short
description of its history, as described by Otte, 1977 isincluded.

The use of grading and atteberg limits alone were not sufficient in qualifying material for road
construction use due to the fact that such materials behave differently under different moisture and
density condition. Using proctor original compaction technique,porter devioped the CBR penetration
and swell test around 1930(otte,1977). The pentration test was devlioped in order to establish the
material shear strength ,whilst the swell test would indicate the material (potentially worest state) post
compaction behaviour i.e. whem wetted (and ultimately saturated)

Initially the test used static compaction of 1378 MPato simulate densities achieved by year of service
operation. The compaction saw a 150mm diameter sample compacted at roughly 1.25mm per minute.
Thiswas followed by the 1378MPaload which was applied and held for one minute and then removed.
The method, however, proved impractical because static compaction devices were notreadily available.

For this reason the falling hammer setup was introduced, as it was more practical and obtainable.

By Maereg Legese Page 5



Prediction of CBR from index properties of soil

The compactive effort initially used with the falling hammer (per 25mm layer) involved twenty
drops using a4,53kg hammer falling a distance of 457mm.The falling hammer method proved more
practical and consequently the static compaction method was discontinued.After the static compaction
method was discontinued, the falling hammer method was further adapted and modified in an effort to
fine tune its performance. The four day soaking period was aso introduced,after which the amount of
swelling could be determined and the penetration test could be conducted.

The test setup and equipment used for the original testisnot dissimilarin  nature from what is used
currently. The apparatus consistes of 19935mm? penetration piston penetrating at 1.27mm per minute.

The effort required to pentrate interva of 2.54mm was recored and compared with the force required to
penetrate a standard broken sample.As is practice today the recored force is expressed as percentage of

the required force for teting the standard sample. The standardsfor 2.54mm, 5.08mm and 7.62mm
penetration were established at 6895kPa, 10342kPa and 13100kPa, respectively.

2.2 Field and laboratory CBR test
Cdlifornia bearing ratio (CBR) test can be done at both field and laboratory .A typical in-situ CBR
testing apparatusis shown in Figure 2.1 (a).

CIF LS u"_II?_'I_J' I.r"‘ e
|—Ir II
}wislh-.'—-nl'. I
|I f” -‘/’_'_ L_]‘NN’
| 1
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a. Field CBR Apparatus b. Laboraory CBR Apparatus

Figure 2.1: CdiforniaBearing Ratio Testing Apparatus
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2.2.1Field Test
2.2.1.1 Significance and Use

Field in-place CBR tests are used for evaluation and design of flexible pavement components such as
base course, sub base, sub grade other applications (such as un surfaced roads) under for which CBR is
the desired strength parameter if the field CBR is to be used directly for evaluation, or design without
consideration for variation due to change in water content the test result should be conducted under one
of the following conditions [ASTMD4429]:

()When the degree of saturation (percentage of voidsfilled with water) is 80% or greater,

(b)When the material is coarse grained and cohesion-less so that it is not significantly

affected by changesin water content, or

(c) When the soil has not been modified by construction activities during, the two years preceding the
test.
In this case, the water content does not actually become constant, but generally fluctuates with in a
rather narrow range. Taking account the above conditions, the field in-place test data may be used to
satisfactorily indicate the average |oad-carrying capacity.

Any construction activities such as grading or compacting, carried out subsequent to the bearing ratio
test will probably invalidate the result of the test.

Thefield test is applicable to determine the relative strength of soils, sub-base and some base materia in
the condition at which they exist at the time of testing. Such results have direct application in test section
work and in some expedient construction, military, or similar operation In addition, field in-place tests
can be used for design under conditions of nomina stability of water, density and general
characteristics of the material tested. However, any significant treating, disturbing, handling,
compaction, or water change can affect the soil strength and make the previous test determination

inapplicable, leading to the need for retest and re analysis.
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2.2.1.2Scope of Field CBR Test

This test method covers the determination of the California Bearing Ratio (CBR) of soil tested in place
by comparing the penetration load of the soil to that of a standard material. The method is used for
evaluation of the relative quality of sub grade, sub base and some base-course in-situ materials
corresponding to test MethodASTMD4429.

2.2.2 Laboratory Test

CBR test in the laboratory is carried out as per the procedure outlined in AASHTOT193-63 or
ASTM1883-73 CBR tests are usually made on test specimens at optimum moisture value for the soil as
determined using the standard (modified) compaction test using method 2 or 4 of ASTMDG698-70
orD1557-70(for the 152.cm diameter mold).the specimens are made using compaction energy shown in
table 2.1 below

Table 2.1 the number of blows and corresponding number of layers for different grade of soils[1].

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

Two molds of soil are often compacted-one for immediate penetration testing and one for testing after
soaking for a period of 96h.The second specimen is soaked for a period of 96h with a surcharge
approximately equal to the pavement weight used in the field but in no case the surcharge weight is less
than4.5kg.Swell readings are taken during this period at arbitrary selected times At the end of the
soaking period ,the CBR penetration test is made to obtain a CBR vaue for the soil in saturated

condition.
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In both penetration tests for the CBR values, surcharge of the same magnitude as for the swell test is

placed on the soil sample. The test on soaked sample accomplishes two things.

1) It gives information concerning expected soil expansion beneath the pavement when
the soil becomes saturated.
1) It gives an indication of strength loss from field saturation

Penetration testing is accomplished in a compression machine using strain rates of 1.27mm/min reading
of load vs. penetration are taken at each 0.5mm of penetration to include the value of 5.08mm, and

then at2.54mm increment thereafter until the total penetration is12.7mm.

2.3 Influencing Properties

A range of factors influences the CBR of a particular material Carter and Bentley (1991) mentioned
the soil type density, moisture content and method of sample preparation as playing an important role.

Apart from the material properties themselves moisture conditions are also pivotal.

The moisture conditions at which the material isto be used vary according to climatic region and as

such the CBR test is used to simulate the worst likely conditionsin service.

2.4 Index Properties of Soil

Index properties of soil are properties, which are used to characterize soils and determine their basic
properties such as moisture content, specific gravity, particle size distribution consistency and moisture-
density relationships.

2.5 Sail Classification Systems

Numerous classification systems are in existencein the road construction industry at present. Some
systems are original ,while some are modifications or fusion of other system. Such systems attempt to
relate specific factors (e.g. soil description) to properties, such as engineering parameters
(Croney,1977). Below is a short description of two classification systems of which are commonly
used.

2.5 .1 Casagrande Soil Classification System
The casagrande system divides soils material in to classes based on grain size distribution (e.g. gravel

and gravelly soil). Each class is complemented with description that aids in field identification.
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The classes are then sub divided in to sub-groups (e.g. well-graded, gravels and with samll clay content)
and awarded a group symbol. From here each sub group is supplied with generally applicable test
methods and observation associated with it. This is followed by a generazied description of expected
characteristics associated with each sub group including value as a road foundation material ,shrinkage or
swelling properties,drainage characteristics and maximum dry density at optimum compaction.The
scheme provides avery useful indication for making aprelimnary decisions concerning materia
use(croney 1997)

2.5 .2 Unified Sail Classification System
The Unified Soil Classification System (USCS) was devel oped from the Casagrande system and shows

many similarities although it is more thorough and considered as more complete.In this system fine and
coarse grained soils are classified based on their particle size distribution and placticity.The system
distinguishes between  siltsand clays by agraphical relationship between placticity index and
liquid limit as determined by Casagrande, using empirica data (Carter and Bentley, 1991). In the
USCS system, soils are divided into three mgor categories coarse-grained materials, fine- grained
materials, and highly organic soils. These categories are further divided into soil groups the coarse-
grained soils as either gravel or sand and the fine- grained soils as either silt or clay. A letter symbol
represents each of these four main soil groups ,as shown in Table2.2.These soil group letters are
combined with a second letter,(shown in the lower half of Table2.2) which is used to further describe
the soil’s characteristics. These descriptors include symbols to differentiate among grain size
distribution, plasticity characteristics that describe cohesive behavior, and the nature of the organic
material in a soil. For example a sandy soil with few fines and a uniform grain size would be classified
as a SP, or poorly graded and. Fifteen classes of these two letter combinations comprise the major soil
types defined under the USCS system .Further designation for “borderline” soils are described by
combinations of two of these fifteen major soil types. This occurs in cases where the fine material
maybe a combination of a clay and a silt (for example SC- SM design at a silty-clay sand) or casesin
which the amount of fines in a coarse grained soil fall between 5 and 12 percent (for example GW-GM
is well-graded gravel with silt) Eleven of these combinations for border line soils are generaly
recognized by the USCS system. It should be stressed that the USCS is a systematic and strictly based
on test measurement values defined in the ASTM standard [6] and not a qualitative assessment of a soil
based on subjective judgments .As such, the USCS class of a soil isinherently tied to the soil properties
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by which it is defined, and in the absence of these original classification test results can give some

indication as to the range of grain sizes and plastic behavior that the soil is bounded by.

Table2.2L etter Symbolsin the Unified Soil Classification System [5, 6, 7]

Soil groups Symbol
Gravel G
Sand S
Silt M
Clay C

Soil Characteristics Symbol
Well-graded W
Poorly-graded P
Low plasticity(liquid limit under50) L
High plasticity(liquid limit over 50) H
Organic(silts and clays) O
Organic(peat) Pt

2.6Existing Correlation
Seeing as the CBR test is time-consuming, a good indication of CBR valuesfrom index testswould be
beneficial.  To this end attempts have been madeto relateindex  test parameters to CBR vaues.Some

examples are given below

2.6.1Kleyn

The system introduced by Kleyn (1955) is probably thefirst worth ~ whileattempt at  relating  index
parameter CBR vaues, though the method was developed in an attempt to verfiy or confirm confirmation
the CBR, rather than predict it. Kleyn (1955) derived this method to adress inconsistance in the CBR
test. He uses grading modulus and placticity index in an attempet to drive CBR value and achieved some

Success.
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Figure2.2 Relationship between the ratio of grading modulusto plasticity index and CBR
(kleyn,1955)

2.6.2. Stephens

Stephens (1988) uses the chart derived by kleyn (1955) in his research and drives the following
eguation.

109 CBR = (12GMPI)/(18,5) + 10GE16,7 ... eeeeee e e e e e, 2.3

Stephens(1988,1990) concludes that the method developed by kleyn (1955) yields fairly poor results
when applied to soils kwazulunatal .bearing this in mind,stephens(1992) continues his reserch,focussing
on clay soil. The result of his research,however,are limited use due to tha fact he has problem relating
the result obtained from ideally mixed soilto real soil. He concludes that the so called dilution effect
impedes the corelation.stephens(1988,1990) excuted extensive research comparing other authors work
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with his own. It isinteresting to note that he find poor correlation in most instance where he apply other
authors model to soils from Kwazulu-Natal .

2.6.3 De Graft-Johnson et al.

Extensive research has been performed to developed empirical relationship between DCP (Dynamic

cone penetrometer) resistance and CBR measurements. e.g kleyn,1975;Harison,1987; Livneh,1987,
Livneh,1994;Eseet.al.,1994;and Coonse,1999). Based on the results of past studies many of the
relationships between DCP and CBR have the following form.

LOG(CBR)=at DIOG(DCPI) ... .ttt it e e e e e et e e e e e e e 24

Where:-

DCPI=DCP penetration resistance (mm/blow);

a=constant that ranges from 2.44t02.60;

b=constant that ranges from 1.07t01.16.

A summary of some of these correlations with corresponding authors is presentedinTable2.3

Table2.3 summary of correlation between CBR and DCPI by various authors [ 13]

Correlation Equation

Material tested

Reference

log(CBR)=2.56-1.16l0g(DCP!)

Granular and cohesive

Livneh (1987)

log(CBR)=2.55-1.14log(DCPI)

Granular and cohesive

Harison (1987)

log(CBR)=2.45-.1.12l0g(DCPI)

Granular and cohesive

Livnehetal.(1992)

log(CBR)=2.46-1.12l0g(DCP!)

Various soil types

Websteretal .(1992)

log(CBR)=2.62-1.27log(DCPI) Unknown Kleyn (1975)
log(CBR)=2.44-1.07log(DCPI) Aggregate base course Eseetal .(1995)
Log(CBR)=2.60-1.07log(DCPI) | Aggregate base course and cohesive NCDOT (Pavement,1998)
Log(CBR)=2.53-1.141og(DCPI) Piedmont residual soil Coonse (1999)
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2.6.4 Mechanistic-Empirical Design Guide

Another general approach to the problem of estimating CBR has been developed as a part of the
highway pavement community’s recently released Mechanisitic-Emperical design guide for New and
rehabilitated pavement structures [9]. The design guide methodology includes three levels of confidence
in the resulting pavement designs, depending on the quality of input data provided to the model. This
ranges from the highest level, where the design is based on a detailed, project-specific series of
laboratory characterization tests on the construction materials, to the lowest level where default values
based on simple material characterization tests and/or regional norms are used as model inputs. One of
the parameters needed to perform flexible pavement design using this system is resilient modulus, which
is specific type of modulus of elasticity that is based on the recoverable strain instead of the total stain
[10]. In order to provide an estimate of the resilient modulus parameter, an appendix to mechanistic-
Empirical design guide was developed that relates resilient modulus to much simpler soil
characterization tests by way of CBR as an intermediary step. The correlation between soil index
properties and California bearing ratio for this method is based on a simple regression approach.
Separate relationships were determined for coarse-grained soils that exhibit no cohesive behavior (GW,
GP, SW and SP) and for soils with more than 12 percent fines that exhibit plastic behavior (GM, GC,
SM, SC, ML, MH, CL and CH).The CBR vaues were selected by choosing average values for each
USCS soil type based upon sources that provide typical CBR values by classification, as illustrated in
the previous section. The index property values were selected by examining the USCS classification
criteriafor each soil type, and choosing atypical value for USCS soil type. The index properties chosen
to correlate with CBR included:

Dgo=Diameter on the cumulative size distribution curve where 60 percent of particles are finer (in

millimeters)
Pooo =percent passing (finer than) the number 200 sieve size (in decimal form)
Pl=plasticity index (in percent)

The last two properties were combined into composite index called the weighted plasticity index. This
term, denoted by WPI is defined in the method by:

WPIZ Pagox PG PIS0). ..o ettt 25
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For clean, coarse-grained, non plastic soils such as GW, GP, SW, SP and A-1-a, A-1-b and A-3 soils
where WPI=0 the CBR were correlated with Dgy, The method provides the following prediction
relationships below [9].

—
5 (if Deo< 0.01mm)
CBR= < 28.09(Dgo) > (if 0.01mm < Dgp< 30Mm) ............... 2.6
95 (if Dgo= 30mm)
N

For second group of soilsthat exhibit plastic behavior, such as GM, GC, SM, SC, ML, MH, CL and
CH adifferent correlation for CBR was determined. In cases where the soil has fines content ( Paoo)
greater than twelve percent and we the weighted plasticity index (WPI) is non zero, the prediction
equation is

CBR - 7 2.7

1+0.728(wPI )

The R? value of the regression for these two resulting equations was reported as 0.84 for coarse
grained materials and 0.67 for the fine grained materials [9].

2.7 Conversion Factorsfor the CBR

2.7.1Mod AASHTO vs. Proctor
In an attempt to correlate CBR tests done at different densities, Haupt (1980) derived an equation that

converted maximum soaked Proctor CBR values to maximum soaked Mod AASHTO CBR vaues
CBRI T 0,37 B R ... e e e e e 2.8

where
CBRp = maximum Proctor soaked CBR (2.54mm)
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2.7.2 Soaked vs Un soaked

Haupt (1980) also attempted to correlate soaked CBR values and unsoaked CBR values using relative

proctor density result. Although it is not of particular interest to this dissertation. The following
equation resulted from his analysis.

CBRUp =1L 15CBRsP+ 1.2 ..t 0 2.9

where CBRur = unsoaked CBR at Proctor compaction (at OMC)
CBRsr = four days soaked CBR at Proctor compaction.
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CHAPTER THREE

METHODOLOGY

3.1 Study Area
The Azezo-Gorgora road is the subject of this study.The Azezo-Gorgora road is located in the northern

part of Amhara regiona state of Ethiopia. It is one of the mgor south-north road links of the country.
The project road is amajor road link providing access to large area of Amhara region.The road route is
flat. The climate in the project area lies predominantly within the cool zone. In day time temperatures
rarely rise above 30°C in Gondar and 35°C in Gorgora and rarely fal below 10°C and 16°C

respectively; the average mean temperature is 21°C in Gondar and 25°C in Gorgora. The start of the
road at Gondar is at an atitude of about 2,300 m.

Figure 3.1 Map showing study area (Google map)
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3.2M ethodol ogy
Primarily, in order to address the intended objectives of the study, basic theories and descriptions of CBR

test in generd and in relation to soil index property of sub grade soil is reviewed. Subsequently, previous
works of different researchers with regard to prediction of CBR vaue from basic soil index properties were
assessed.

In order to have satisfactory data for utilizing the correations, laboratory tests were conducted by the
researcher on samples collected from different place of Azezo-Gorgoraroad, accordingly the following test

are conducted.

X4

Atterberg limit test (AASHTOT89-90)

s Compaction test (AASHTOT99)

s Cdiforniabearing ratio test(AASHTOT193)
Sieve analysis (AASHTOT27)

L)

*0

*0

7
L X4

After having the test result of the above tests then, discussions on sample collection and summary of
laboratory test results were presented and the data base for Statistica regression analysis were prepared, the

following parameters were included .

¢+ Grading anaysis (percentage passing 4.75mm,2mm,0.425mm,0.075mm screens)

X/
£ %4

Atterberg limit(plastic limit, liquid limit and plasticity index)

X/
L %4

Compaction(optimum moisture content and maximum dry density)
s CBRvaue
Materid classification

S

*

Linear and multiple regression analyses of test results were carried out and correlations were devel oped and
aso andyzed to fit the test results. Under the discussions of the obtained results the suitability of the

developed correlations were examined. Findly, a generalized conclusion and recommendation were made.

By Maereg Legese Page 18



Prediction of CBR from index properties of soil

CHAPTER FOUR
DATA COLLECTION, LABORATORY TESTSAND RESULTS

4.1 General overview

In order to have sufficient and reliable data for the target analysis, laboratory tests conducted on soil
samples obtained from different localities of selected route (Azezo-Gorgora road). Most of the
samples collected from undergoing road construction projects during the excavation stage. A total of
thirty four disturbed samples were gathered within a reasonable sampling interval. The representative

samples selected on the basis of visual identification of a suitable sub-grade soil.

4.2 Laboratory Testsand Results
4.2.1 Discussion on Laboratory Tests

Based on the samples retrieved from the sites, laboratory tests on the thirty four samples were
conducted in the geotechnical laboratory of Azezo-Gorgora road project. Accordingly, the following
different kinds of tests have been performed

< Atterberg limit test (AASHTOT89-90)

% Compaction test (AASHTOT99)

% Cdiforniabearing ratio test(AASHTOT193)
% Sieveanalysis (AASHTOTZ27)

The above conventional tests were conducted on the thirty four soil samples and a range of test results
achieved. Based on the obtained test results of plasticity and grain size distribution the soil
classification was made and the result shows that all the sample are classified as fine grained soil. In
accordance to the AASHTO classification system the soil is mainly classified as A-7-5 and A-7-6.
From the conventional Atterberg limit tests, a liquid limit value ranging from 34 up to 134, plasticity
limit value of 16 up to 45 and a plasticity index value of 18 up to 89 were obtained. Similarly, the
CBR test was carried out, on samples remolded with OMC using 10, 30 and 65 blows of modified
proctor density and soaked for four days. Consequently, after the penetration test were carried out a
CBR value ranging from 1.70 up to 38 is obtained at 95% MDD of modified AASHTO proctor density.
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For the sake of illustration and easy of reference, the typical test results of a soil sample have been
demonstrated hereunder from Figures 4.1 up to 4.4:

60.0

59.0

58.0

M oisture Content %

57.0

56.0

10 100
Number Of Blows

Figure 4.1 Typical Liquid Limit Graph (Flow Curve)
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1.70

Moisture Density Relations

1.68

1.66

1.64

1.62

1.60

Dry Density G/Cc

1.58

1.56

154

1.52

15

16

17
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Moisture Content %

21

22

23

24

25

Figure 4.2 Typical Dengity vs. Moisture Content Relationship Graph
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Figure 4.3 Typical Penetration Load vs. Penetration Depth Graph
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DENSITY Vs CBR CURVE
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Figure 4.4: Typical Density vs. CBR Graph
For further reference, the details of all the laboratory tests results of the thirty four soil samples and

related calculations including graphs have been enclosed under Appendix B of thisthesis.

In order to analyze the intended correlation, the test results were compiled and summarized in a
way that the SPSS Software inputs the data
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Tabled.1 Summary of laboratory test results

Sample Per cent passing % compaction test Atterberg limit
Code Test AASHTO CBR
4.75 2 0425 | 0075 |[OMC| MDD | LL PL p| | Classification
1 93.3 87.7 78.4 66.9 19.30 1.64 58.6 27.59 31 | A-7-5(19) 9.10
2 97.3 92 84.1 73.9 19.4 1.65 61 29 32 | A-7-5(20) 6.00
3 98.2 95.4 89.8 83.9 18.20 1.67 62 29.6 324 | A-7-5(17) 4.50
4 98.8 98.6 96.9 93.4 17.50 1.76 53.2 25.4 27.8 | A-7-6(20) 5.50
5 4.7 91.9 89.2 83.8 13.50 1.71 77 32 45 | A-7-5(20) 24.8
6 85.6 74.4 66.0 58.4 13.5 1.96 66 25.20 | 40.8 | A-7-5(9) 24.8
7 81.4 78.9 73.3 66.8 195 1.55 43 22.10 | 20.9 | A-7-5(19) 10.50
8 81.4 78.9 73.3 66.8 16.5 171 55.20 | 27.80 |27.40| A-7-5(19) 7.10
9 99.9 97.9 92.50 89.20 | 17.60 1.76 43 33 10 | A-2-5(10) 1.39
10 77.4 67.7 55.2 42.5 16.5 1.87 48 19.40 | 28.6 | A-7-6(15) 18.8
11 85.9 79.5 76.5 68.2 145 1.70 62 2590 |36.10| A-7-5(20) 6.40
12 92.7 88 82.5 75.6 185 1.74 63 26.70 |36.30| A-7-5(20) 1.90
13 94.9 911 86.6 81.2 17.3 1.69 64 26.4 37.6 | A-7-5(20) 1.70
14 96.4 87.6 7.7 69.6 20.60 1.66 60 22 38 | A-7-5(20) 2.40
15 99.0 98.10 95.9 91.9 17.50 1.70 76 30.8 |45.20| A-7-5(20) 2.40
16 99.9 99.6 99.3 98.5 18.00 1.71 79 333 457 | A-7-5(20) 1.70
17 97.8 96.5 96.10 94.70 | 19.50 1.69 82 325 495 | A-7-5(20) 1.70
18 99.7 98.8 94.8 87.5 29.50 1.31 134 4475 |89.25| A-7-5(20) 1.70
19 100 95 90.6 83.10 19 1.71 55 23.8 31.2 | A-7-6(19) 3.60
20 93.5 84.5 77.9 66.9 18.50 11.75 51 23 28 | A-T-6(17) 3.60
21 93.6 87.3 79.2 70.2 22.30 151 81 31 50 | A-7-5(20) 1.60
22 81.3 62.5 54.3 44.2 24.60 1.50 84 22 62 | A-7-5(20) 2.68
23 99.9 97.3 95.9 92.4 29.50 1.47 76 31 45 | A-7-5(20) 1.60
24 99.2 97.4 96.3 93.5 26.20 1.45 63 33 30 | A-7-6(16) 1.60
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Per cent passing % compaction test Atterberg limit
AASHTO
Sample Test CBR
Code [ 475 2 [ 0425 [0075| OMC | MDD| LL | PL | P | Classification

25 99.7 98.7 | 968 | 911 | 2460 | 156 72 | 24 48 A-7-5(20) 1.60
26 87.5 823 | 76.7 | 673 | 2460 | 156 42 18 24 A-7-5(20) 1.78
27 99.6 981 | 951 | 769 | 1420 | 1.82 56 | 22 34 A-7-5(20) 1.73
28 88.1 722 | 615 | 506 | 1540 | 1.82 49 | 22 27 A-7-5(20) 11.00
29 64.1 575 | 493 | 340 | 1030 | 1.98 34 | 20 14 A-2-6(1) 38.0
30 74.9 66.6 | 58.10 | 514 | 18.00 | 1.71 60 | 28 32 A-7-5(20) 5.00
31 96.8 943 | 914 | 777 | 1150 | 1.75 43 16 27 A-7-5(14) 2.20
32 47.4 418 | 385 | 356 | 2460 | 156 61 | 24 37 A-7-5(20) 1.60
33 98.2 932 | 874 | 775 | 2460 | 156 59 19 40 A-7-6(19) 1.60
34 83.5 737 | 604 | 511 | 2460 | 156 52 | 20 32 A-7-6(18) 1.60
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4.3 REGRESSION ANALYSIS

43.1 General Overview

Regression analysis is a dtatistical technique that is very useful in the field of engineering and
science in modeling and investigating relationships between two or more variables. The method of
regression analysis is used to develop the line or curve which provides the best fit through a set of
data points. This basic approach is applicable in situations ranging from single linear regression to
more sophisticate nonlinear multiple regressions. The best fit model could be in the form of linear,
parabolic or logarithmic trend. A linear relationship is usually practiced in solving different

engineering problems because of its simplicity.

Fitting a regression model requires several assumptions. The method of least squares is used in order
to choose the best fitting line for a set of data. Estimation of the model parameters requires the
assumption that, the residuals (actual values less estimated values) corresponding to different

observations are uncorrelated random variables with zero mean and constant variance (c?). In most

practical situation, the variance (c?) of the random error () will be unknown and must be estimated
from the sample data [17]. The standard error of an estimate gives some idea about the precision of
an estimate. During modeling, a variable that shows the least standard error of estimates is the one to
be chosen.

A convenient way of measuring how well the regression model performs as a predictor of the
dependent variable is to compute the reduction in the sum of squares of deviations that can be
attributed to regressor variables and this quantity termed the coefficient of determination, R*The
value of R? is always between 0 and 1, because R is between -1 and +1, whereby a negative value of
R indicates inversely relationship and positive value implies direct relationship. Many problems in
engineering require that we decide whether to accept or regect a statement about some
correlations. A number of techniques can be used to judge the adequacy of a regression model some
of which are standard error (a), R-squared value (R? ) R-adjusted and the t-test [18].
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4.3.2 Scatter plot
In this work, the CBR value is the dependent variable whereas LL, PL, Pl, P200, MDD and OMC the

regressor variables. In carrying out the whole statistical analysis, a statistical software program called
SPSS software was used. Using the 34 soil samples collected from the Azezo-Gorgora road area.
Different kinds of relationships between CBR and other soil index properties were studied. The scatter
plot of the dependent variable CBR with the regressor variable is shown below.
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Figure4.5 Scatter diagram of CBR versus MDD
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Figure4.6 Scatter diagram of CBR versus OMC
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Figured.7Scatter diagram of CBR versus LL
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Figure4.8Scatter diagram of CBR versus PL
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Figure4.9 Scatter diagram of CBR versus PI

The above scatter diagrams provide a visual method of displaying arelationship between variables
as plotted in a two dimensional coordinate system. Inspection of the scatter diagrams indicate that,
although no simple curve will pass exactly through all the points, there is a reasonable
indication that the points lie scattered randomly around a straight line, particularly for the liquid limit
and plasticity index.
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4.3.3 Regression Analysis

In this research work, an attempt is made to apply single linear regression model and multiple linear
regression models to characterize the strength of sub grade soil from soil index parameters using a
statistical approach. The genera representation of a probabilistic single and multiple linear
regression models are presented in the following forms:

Y = Bo + B]_X"' € (41)

Y= 0O + 0Xg +02x2...+anxn +¢ (4.2

Where, the slope (B1) and intercept (o) of the single linear regression model are called regression
coefficients. Similarly, coefficients aQ, a1, a2 and on are termed multiple regression coefficients.
The appropriate way to generalize this to a probabilistic linear model is to assume that the actual
value of Y is determined by the mean value function (the linear model) plus the random error term, €
[17]. The basic assumption to estimate the regression coefficients of the single and multiple

regression models is based on the least square method.

Specific to this research, a statistical package for social science software (SPSS) is employed to
investigate the significance of individual regressor variables. Accordingly, the forty two laboratory
test results of the independent and dependent variables are used in the following regression analysis.
The statistical information’s of the test results are presented in Table 5.1:

Table 4.2: Statistical Information of Dependent and Independent Variables

Variable | Variable Unit of No. of Ranges Standard
Min. | Max. M ean o

Type Name M easurement | Samples Deviation
Dependent CBR % 34 1.70 38 19.89 6.90
P200 % 34 34 98.5 66.25 3.81
LL % 34 34.0 134 84 11.44
Independent PL % 34 16 45 30.5 4.62
Pl % 34 18 89 535 16.26
MDD g/cc 34 145 1.98 1.72 0.055
omMC % 34 10.3 29.5 19.90 2.84
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To identify the influence of one variable on the other, a stepwise linear regression has been analyzed

and as a result, the respective correlation coefficients and level of significance determined.

Hereunder, the Pearson corrdation coefficient matrix is shown in Table 4.3:

Pearson CBR Paco LL PL P MDD  OMC
CBR 1000 0268 -0.728 -0700 -0766 = 0368  -0.378
Paoo 0268 = 1000 0007 -0251 0168 0179  -0.027
LL 0728 0007 1000 0800 0844  -0355 0374
PL 0700  -0251 0800 1000 -0284 -0229 0278
P 0766 0168 0844 -0284 1000  -0194 0205
MDD 0268 = 0179  -0355 -0229 -0194 1000  -0.379
OMC 0378  -0027 0374 0278 0205  -0379 1000

From the above linear relationships, it is shown that the correlation between CBR with liquid limit

and plasticity index has relatively moderate correlation coefficient. Basically, the strength of fine

grained soil has a greater association with the consistency of the soil. As a result, liquid limit and

plasticity index has resulted relatively a better correlation with the strength parameter.
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4.3.1.1 Single Linear Regression Analysis
Model 1: Correlation between CBR and Maximum Dry Density (M DD)

The resulting regression analysis after correlating CBR with MDD is expressed by the following
single linear equation with its corresponding correlation coefficients:

CBR = -0.038 + 2.019* MDD?, withR?=0.136, n=34

The details of the statistical out-put indicates that the relationship developed between MDD and
CBR is not significant (a>0.05) as shown in Model-1 of Appendix A.

Model 2: Correlation between CBR and Optimum M oisture Content (OM C)

The resulting regression analysis after correlating CBR with OMC is expressed by the following
single linear equation with its corresponding correlation coefficients:

CBR = 3.207 + 0.0040MC? withR®=0.143, n=34

The details of the statistical out-put indicates that the relationship developed between OMC and
CBRis not significant (0>0.05) and also aweak relationship exists between correlation variables.

Model 3: Correlation between CBR and P200

The resulting regression analysis after correlating CBR with P200 is expressed by the following
single linear equation with its corresponding correlation coefficients:

CBR =0.643 +0.582* P200-0.05* P200? with R?=0.265, n=34

The details of the statistical out-put indicates that the relationship developed between P200 and CBR

is not significant (0>0.05) and also aweak relationship exists between correlation variables.
Model 4: Correlation between CBR and Liquid Limit (LL)

The resulting regression analysis after correlating CBR with LL is expressed by the following
single linear equation with its corresponding correlation coefficients:

CBR = 5.294- 0.072* LL?, withR®=0.531, n=34

The details of the statistical out-put indicates that the relationship developed between LL and
CBR is shown in Model-4 of Appendix A.
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Model 5: Correlation between CBR and Plastic Limit (PL)

The resulting regression analysis after correlating CBR with PL is expressed by the following
single linear equation with its corresponding correlation coefficients:

CBR =10.16-0.106PL, with R?=0.490, n=34

The details of the statistical out-put indicates that the relationship developed between PL and CBR
isshown in Model-5 of Appendix A.

Model 6: Correlation between CBR and Plasticity Index (PI)

The resulting regression analysis after correlating CBR with Pl is expressed by the following

single linear equation with its corresponding correlation coefficients:

CBR =8.727- 0.147*PI withR*=0.588, n=34

The details of the statistical out-put indicates that the relationship developed between Pl and
CBR is shown in Model-6 of Appendix A.

From the above developed single linear regression models, based on the significant standard

2
error (a) and coefficient of determination (R ),it was noted that the CBR value correlates
relatively better with liquid limit and plasticity index which is an indication for these variables
to form the multiple regression variables that could yield a better correlation result. While the

remaining parameters showed a weak relationship with CBR.

4.3.2 Multiple Linear Regression Analysis

During analyzing the multiple linear regressions, after going through a number of alternative
combinations of predictors the following results are obtained for the thirty four samples and the

significant relationships are presented here under:

Model A: Correlation between CBR with PL and PI

The resulting regression analysis after correlating CBR with PL and Pl is expressed by the following
multiple linear equations with its corresponding correlation coefficients:

CBR =4.580 - 0.197*PI - 0.112*PL, withR?=0.484, Adj. R°=0.458, n=34
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The details of the datistical out-put of Model A indicates that the relationship developed
between CBR with PL and Pl is not significant. Besides, the R? value of the multiple regression

analysis is improved than the R* value of the individual parameters, i.e. Pl and PL. For further
reference, the detail of Model A is shown in Appendix A.

Model B: Correlation between CBR with LL and Pl or (LL and PI)

The resulting regression analysis after correlating CBR with LL and Pl is expressed by the following

multiple linear equations with its corresponding correlation coefficients:

CBR =-19.734 - 0.003*LL - 0.137*P with R*=0.631, Adj. R*=0.601, n= 34
Or
CBR =-19.522 - 0.141*LL + 0.137*PI, with R?= 0.631, Adj. R*=0.601, n = 34

The details of the statistical out-put of Model C indicates that the relationship developed between
CBR with LL and Pl is significant (01<0.05). Besides, the R? value of Model B is better than the
above stated models. Furthermore, the detail of Model B is shown in Appendix

The above correlations result is summarized and presented in Table 5.3 as shown below:

Table 4.4: Summary of the Regression Analysis

Regression Significance Order
2
Type M odel Name R . Std. Error (Q) Depending on o and R?
Model 1 0.368 0.136 >0.05 6
8 s Model 2 -0.378 | 0.143 >0.05 5
SBZ| Moded3 | -0514 | 0265 >0.05 4
9 5S| Mode 4 -0.728 | 0531 <0.05 2
5 Model 5 -0.700 | 0.490 <0.05 3
Model 6 | -0.766 | 0.588 <0.05 1
c
@ 5 Model A 0.695 | 0.484 <0.05 2
S8 3
= o
S 2 E| Model B 0794 | 0631 <0.05 1
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4.4 Comparisons between the Existing and the Developed Equations

Table4.5 Comparisons between the actual and developed relation

Sample OoMC MDD P200 LL PL PI Actual CBR | Developed
Code Value
Samplel 19.30 1.64 66.9 58.6 27.59 31 9.10 4.08
Sample2 194 1.65 73.9 61 29 32 6.00 4.52
Sample3 18.20 1.67 83.9 62 29.6 32.4 4.50 211
Sample4 17.50 1.76 934 53.2 254 27.8 5.50 2.70
Sampleb 13.50 1.71 83.8 77 32 45 24.8 5.64
Sample6 135 1.96 58.4 66 25.20 40.8 24.8 4.76
Sample7 195 1.55 66.8 43 22.10 20.9 10.50 6.67
Sample8 16.5 1.71 66.8 55.20 | 27.80 | 27.40 7.10 7.26
Sample9 17.60 1.76 89.20 43 33 10 1.39 1.23
Samplel0 16.5 1.87 42.5 48 19.40 28.6 18.8 0.79
Samplell 14.5 1.70 68.2 62 25.90 | 36.10 6.40 2.55
Samplel2 185 174 75.6 63 26.70 | 36.30 1.90 2.26
Sample 13 17.3 1.69 81.2 64 26.4 37.6 1.70 3.14
Samplel4 20.60 1.66 69.6 60 22 38 2.40 2.55
Samplel5 17.50 1.70 91.9 76 30.8 45.20 2.40 0.94
Sample 16 18.00 1.71 98.5 79 33.3 45.7 1.70 2.70
Sample 17 19.50 1.69 94.70 82 325 49.5 1.70 2.26
Samplel8 29.50 1.31 87.5 134 4475 | 89.25 1.70 1.82
Sample 19 19 1.71 83.10 55 23.8 31.2 3.60 2.99
Sample 20 18.50 11.75 66.9 51 23 28 3.60 1.38
Sample 21 22.30 151 70.2 81 31 50.00 1.60 0.39
Sample 22 24.60 1.50 44.2 84 22 62.00 2.68 211
Sample 23 29.50 1.47 924 76 31 45.00 1.60 4.32
Sample 24 26.20 1.45 935 63 33 30.00 1.60 4.08
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Sample OoMC MDD P200 LL PL PI Actual CBR | Developed
Code Value
Sample25 24.60 1.56 91.1 72 24 48.00 1.60 1.67
Sample26 24.60 1.56 67.3 42 18 24.00 1.78 5.20
Sample27 14.20 1.82 76.9 56 22.6 33.40 0.00 3.82
Sample28 15.40 1.82 50.6 49 22 27.00 11.00 4.76
Sample29 10.30 1.98 34.0 34 19.9 14.10 38.00 6.65
Sample30 18.00 1.71 514 60 28 32.00 5.00 4.02
Sample31 11.50 1.75 777 43 16 27.00 2.20 4.76
Sample32 24.60 1.56 35.6 61 24 37.00 1.60 3.29
Sample33 24.60 1.56 775 59 19 40.00 1.60 2.85
Sample34 24.60 1.56 511 52 20 32.00 1.60 4.02
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Tabled4.6 Comparisons between the actual values newly developed and Mechanistic-Empirical

Method
Sample oMC MDD | P200 LL PL Pl Actual From From
Code (%) (g/cm3) CBR | Deve Qped mecha}n?stic-
relation Empirical
Value method

Samplel | 19.30 1.64 669 | 586 | 27.59 31 9.10 4.08 379

Sample2 | 194 1.65 73.9 61 29 32 6.00 452 2.97501
Sample3 | 18.20 1.67 83.9 62 296 | 324 4.50 2.11 ] mg.ﬁ;r
Sample4 | 17.50 1.76 934 | 532 254 | 2758 5.50 2.70 s 13837
Sample5 | 13.50 1.71 83.8 77 32 45 24.8 5.64 2.59
Sample6 | 135 1.96 58.4 66 2520 | 408 24.8 4.76 6-0199g3
Sample7 | 195 | 155 | 668 | 43 | 2210 | 209 | 10.50 667 | /681
Sample8 | 165 1.71 66.8 | 5520 | 27.80 | 27.40 7.10 7.26 11.79
Sample9 | 17.60 1.76 | 89.20 | 43 33 10 1.39 1.23 16-12@
Samplel0| 16,5 1.87 42,5 48 19.40 | 286 18.8 1079 |, 193,19
Samplell| 145 1.70 68.2 62 25.90 | 36.10 6.40 2.55 2.05
Samplel2| 185 1.74 75.6 63 26.70 | 36.30 1.90 2.26 2-05§9g3
Sample13] 17.3 1.69 81.2 64 264 | 376 1.70 3.14 3,433
Samplel4 | 20.60 1.66 69.6 60 22 38 2.40 2.55 3.4p
Samplel5 | 17.50 1.70 91.9 76 30.8 | 45.20 2.40 1.94 2-9’2?%0
Sample 16| 18.00 1.71 98.5 79 333 | 457 1.70 2.70 3.42345
Sample 17| 19.50 169 | 9470 | 82 325 | 495 1.70 2.26 2.61
Samplel8 | 29.50 1.31 875 | 134 | 4475 | 89.25 1.70 1.82 1-*’“2%;‘:9
Sample19] 19 171 | 8310 | 55 238 | 312 3.60 2.99 5 05242
Sample20] 1850 | 11.75 | 66.9 51 23 28 3.60 1.38 3
Sample 21| 22.30 1.51 70.2 81 31 50.00 1.60 0.39 ‘-blé.’sjl‘s
Sample 22| 24.60 1.50 44.2 84 22 62.00 2.68 2.11 2.23
Sample 23| 29.50 1.47 92.4 76 31 45.00 1.60 2.32 2.72
Sample 24| 26.20 1.45 93,5 63 33 30.00 1.60 4.08 4.41
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Sample OoMC MDD P200 LL PL PI Actual Developed From
mechanistic-
Code | (%) | (gom3) CBR | Relation | g e
Value method

Sample25 | 24.60 1.56 91.1 72 24 | 48.00 1.60 1.67 2.75
Sample26 | 24.60 1.56 67.3 42 18 24.00 1.78 5.20 5.92
Sample27 | 14.20 1.82 76.9 56 226 | 3340 0.00 3.82 4.85
Sample28 | 15.40 1.82 50.6 49 22 27.00 11.00 8.76 6.24
Sample29 | 10.30 1.98 34.0 34 19.9 | 14.10 38.00 16.65 14.12
Sample30 | 18.00 171 51.4 60 28 32.00 5.00 4.02 4.24
Sample31 | 11.50 1.75 7.7 43 16 27.00 2.20 4.76 5.52
Sample32 | 24.60 1.56 35.6 61 24 37.00 1.60 3.29 3.62
Sample33 | 24.60 1.56 77.5 59 19 40.00 1.60 2.85 3.50
Sample34 | 24.60 1.56 51.1 52 20 32.00 1.60 4.02 4.64
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 Conclusion
The research was conducted to find a localized relationship between CBR value and soil index

properties within the scope of the study. Accordingly, the required laboratory tests were conducted
on samples retrieved from different geographical area of Azezo-Gorgora road. Using the obtained
thirty four test results a single and multiple linear regressions were analyzed and a relationship was
developed that predict CBR value in terms of P200, LL, PL, PI, MDD and OMC.

From the results of this study the following conclusions are drawn:

1. Among the single linear regression analysis the correlation between CBR and plagticity index
has resulted the following relationship:
CBR =8.727-0.147PI R?=0.588, n=34

2. Relatively an improved correlation than the single regression is obtained when multiple
regression is used as given below:
CBR =-19.734 - 0.003*LL — 0.137*PI, R?=0.631 n=234

3. Inlight of the above, a combination of soil index properties correlates better with strength

characteristic of CBR than individual soil properties.

4. From comparison made between the newly developed and the mechanistic-Empirical method,

the newly developed one approximates California bearing ratio value in a better way.

By Maereg Legese Page 42



Prediction of CBR from index properties of soil

5.2 Recommendation
The exposure encountered in trying to conduct the current research has revealed areas where further

efforts may be proved in the future. Following are some of the recommendations in relation to the
subject study:

1. It isrecommended to carry out this correlation with a large number of samples

2. It is aso recommended to carry out such a study in other parts of Ethiopia especially in
regions where lateritic soil abundantly to be found.

3. It is advisable to conduct comparative correlations between soaked and unsoaked CBR

value with soil index properties.

4. It would be interest to investigate the effect of compaction and moisture content on the value of

CBR under varying density and moisture condition for coarse grained materials.
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APPENDIX A

Details of the SPSS regression analysis outputs
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Appendix A-1: Single Linear Regression Analysis
Model 1 Relationship between CBR and MDD

Model Summary

Model R R Square Adjusted R = Std. Error of the Estimate
Square

1 o778 .006 136 3.52810

a. Predictors: (Constant), maximum dry density

M odel Un standardized Standardized
Coefficients Coefficients t Sig(o)
B Std. Error Beta
(Constant) -.038 16.324 -.002 .998
1
Maximum Dry Density 2.019 9.908 077 204 .844

a. Dependent Variable: CBR
The model equation is:
CBR=-0.038+2.019M D D ?with adjusted R?>=0.136

Model 2 Relationship between CBR and OMC

Model Summary

Model R R Square  Adjusted R Std. Error of the Estimate
Square

1 .006% .000 -.143 3.53849

a. Predictors: (Constant), OMC
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Model Un standardized Standardized
Coefficients Coefficients t Sig(a)
B Std. Error Beta
(Constant) 3.207 5.006 .641 542
' OMC .004 242 .006 .015 .988

a. Dependent Variable: CBR
CBR=3.207+0.0040M C?with adjusted R?=0.143

Model 3 Relationship between CBR and p200

Model Summary

Model R R Square  Adjusted R Std. Error of the Estimate
Square

1 .0.529° 279 .265 5.64

Predictors: (Constant),P 200

M odel Un standardized Standardized
Coefficients Coefficients t Sig()
B Std. Error Beta
(Constant) 0.643 8.717 0.074 0.941
1
P200 .582 .260 1.54 2.24 0.027
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Model 4 Relationship between CBR and LL

Model Summary

Model R R Square Adjusted R Square Std. Error of the Estimate

1 .662% 439 490 3.08762

a. Predictors: (Constant), LL

M odel Un standardized Standardized
Coefficients Coefficients t Sig(o)
B Std. Error Beta
(Constant) 10.169 4,763 2.135 .020
1
LL -.106 072 -.488 -1.481 .0182

a. Dependent Variable: CBR
CBR=10.16-0.106 LL with adjusted R?=0.490

Model 5 Relationship between CBR and PL

Model R R Square Adjusted R Square @ Std. Error of the Estimate

1 748 551 -.531 3.51977

a. Predictors: (Constant), PL

Coefficients
Model Un standardized Standardized
Coefficients Coefficients t Sig(o)
B Std. Error Beta
(Constant) 5.294 7.453 .710 .0500
' PL -.072 .262 -.103 -.274 .0392

a. Dependent Variable: CBR
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The model equation becomes:
CBR=5.294-0.072PL?with adjusted R®=0.531

Model 6 Relationship between CBR and PI

Model Summary

Model R R Adjusted R Square Std. Error of the Estimate
Square
1 .78a .610 .588 2.93919

a. Predictors: (Constant), PI

Coefficients
Model Un standardized Standardized
Coefficients Coefficients t Sig(a)
B Std. Error Beta
(Constant) 8.727 3.223 2.707 .030
' Pl -.147 .083 -.557 -1.774 .0119

a. Dependent Variable: CBR

The model equation becomes:

CBR=8.727-0.147PI with adjusted R*=0.588
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Appendix A-2: Multiple Linear Regression Analysis

M odel A: Correlation between CBR with PL and Pl

Model R R Square Adjusted R Square Std. Error of the
A .695(a) 484 458 1.31746
a. Predictors: (Constant), PI, PL
b. Dependent Variable: CBR
Model
Un standardized Standardized
B Std. Error Beta B Std. Error
A (Constant) 4,580 2.033 7.170 .000
P -197 032 730 -6.145 000
PL -112 .050 -.266 -2.236 .031
a. Dependent Variable: CBR
M odel B: Correlation between CBR with LL and PL
Model R R Square Adjusted R Square Std. Error of the
.794(a) .631 .601 1.31746
a Predlctors (Constant), PL, LL
b. Dependent Variable: CBR
Model
Un standardized Standardized
B Std. Error Beta B Std. Error
A (Constant) 19.73 9.927 -2.189 .035
P _141 032 532 -4.429 000
PL 137 .047 .325 2.936 .006
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APPENDIX B

Details of the laboratory test results
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APPENDIX B Test results

The various kinds of |aboratory experimental tests that were performed on the soil samples we recorded.

Sample 1

Experiment 1.1(Sieve Anaysisfor classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4
59.9 6.7 93.3
No.10
50.4 5.6 87.7
No0.40 A-7-5(19)
83.5 9.3 78.4
No.200
103.4 115 66.9
Experiment 1.2 Atterberg limit
Liquid Limit Plastic Limit 60.0
No. of Blows 35 29 23
Container Number A-5 A7  A-12 A-10 A2 P e
Wet Soil +con (g)=(W1) 1627 @ 17.70 17.05 1202 13.28 S "
Dry Soil +con(g) =(W,) | 1329 = 1414 1351 1116 1215 T 580 o §
- = i) \
Massof Con(g) =(Ws) 807 801 75 800 811 3 ] \
Weight of Moisture(g) 298 356 354 086 113 S 570 ! o)
522 613 601 316 404 - |
Moisture Content (%) 57 58 59 27.2 28 = 50 i —
LL at 25 blow &Avg. PL 58.6 27.6 ' - i 40 50 80 70 0
Number of Blows
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Experiment 1.3(Moisture Density Relationship of Soil (Testmethod: AASHT0-99 Method

MT(;I(?I +ch\)/.d soil - : ° : hME 1.68 1’@1 ANty el ati omE
8,805 | 8,999 | 9,151 | 9,198
(gm) 167 i
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm) 2124 | 2124 | 2124 | 2124 1.66 1
Wet Soil (gm) 3,803 | 3,997 | 4,149 | 4,19 Q65 -
Wet Density (gem®) | 1.79 | 1.88 | 1.95 | 1.98 O
Container No. 13 B14 14 B6 Bl 264
Wet Sail + Con. (g) 170.0 | 164.4 | 1385 | 1959 | 185.8 § =
Moigture |2y Soil +Con. (g) 1529 | 146.0 | 121.4 | 163.1 | 1733 >
Mass of Con. (g) 39.5 423 | 406 | 335 | 332 Fe2 1 -
Massof Moisture(g) | 17.1 | 184 | 17.1 | 328 | 125 e
Dry Sail (g) 1134 | 1037 | 80.8 | 1296 | 140.1 | | 161 1 i
'(\é'y‘(’:'i re cont. 1508 | 17.74 | 2116 | 2531 | 892 | | 160 r A
Dry Density (g/cmd) 156 | 1.60 | 1.61 | 158 1 7 18 modwrecthent 8 2 23
Experiment 1.4 CBR
Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows )
Penetrati | Dial | Load Dia | Load Dial | Load e
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||Z
0 0 0 0 0 0 0 =
0.64 9.0 0.42 8.0 0.38 5.0 0.24 O
127 | 160 | 0.76 | 21.0 | 100 | 2.0 | 100 | |B
1.91 200 | 095 | 270 | 1.28 | 28.0 | 1.33 ;
2.54 220 | 1.04 | 300 | 143 | 33.0 | 157 | |©
3.18 230 | 1.09 | 320 | 152 | 350 | 167 | |%
3.81 250 | 1.19 | 350 | 1.67 | 380 | 181 | |9
4.45 270 | 1.28 | 370 | 1.76 | 40.0 | 1.90 = '
5.08 280 | 1.33 | 380 | 1.81 | 420 | 200 | |5 0 254 508 762 10.16 12.7
62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 1.05 1.33 7.90 6.7 BLOWS |10 30 65
30 1.43 1.81 10.7 9.10 Dry 1.45 1.53 1.66
density
65 1.57 2.00 118 10.0 Soaked 6.70 9.10 10.00
CBR
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DENSITY Vs CBR CURVE

12.0
11.8
11.6
11.4
11.2
11.0
10.8
10.6
106 65 blows,
9.8
< 90 Dblons o | ||
S - |
~ gg [ |
& 84 |
2
8 78
® 78
B 15
T |
6.6 © !
&4 10 blows {
6.2 |
6.0 : : : : : : : : : : : : :
143 145 147 149 151 153 155 157 159 161 163 165 167 1.69
Dry density (g/cc)
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Experiment 2.1(Sieve Analysisfor classification)

Sieve Size Wt. Retained % Retained | % Pass
No.4 23.48 2.7 97.3
Sail Classification
No.10 46.49 53 92.0
A-7-5(20)
No.40 69.11 7.9 84.1
No0.200 89.63 10.2 73.9
Experiment 2.2(Atterberg limit)
Liquid Limit Plastic Limit 63.0
No. of Blows 34 29 24 62.0
Container Number A-11 A4 A6 A-8 A-3 '
Wet Soil +con (9)=(W1) 1928 17.23 1757 1639 1396 |8 610 N\
Dry Soil +con(g) = (W) | 1519 1351 1373 1529 1288 |§ = |F———— ——\
Massof Con(g) =(Wo) 825 731 745 1183 014 |& ®° N\
Weight of Moisiure (9) 409 372 384 110 108 |o 590 A S
Dry Sail (g) 694 620 628 346 374 b= ‘
Moisture Content (%) 59 60 61 31.8 289 "25 58.0 1
LL at 25 blow &Avg. PL 61 29 10 m meber“%f B%W;“ 70 8050500
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Experiment 2.2(Moisture Density Relationship of Soil (Test Method: AASHTO-99

Trial No. 1 2 3 4 | nmc MOISTURE DENSITY RELATIOI
| Mold (gm 5002 | 5002 | 5002 | 5002
Density vOlungg(gmé) 2124 | 2124 | 2124 | 2124 187 el T
Wet Soil (gm) 4,008 | 4,153 | 4,223 | 4,133 166 AN
Wet Density (gem®) | 1.89 | 1.96 | 1.99 | 1.95 165 LY / \
Container No. BS5 | A4 | B6 | B7 | B4 || i il \ i
Wet Soil + Con. () | 158.0 | 1480 | 135.0 | 131.0 | 1460 | |8 1.64 | A ‘j HH
Moistur | Dry Soil +Con (¢) | 140.2 | 1300 | 1184 | 1137 [1350 | 5, il -/ I \
e Mass of Con. (g) 340 | 330 | 330 | 300 | 300 || ~ ) dARRER
Mass of Maisture (g) 178 | 180 | 166 | 173 | 11.0 7 e
Dry Soil (g) 1062 | 970 | 854 | 837 | 1050 | |0 [N
M oisture cont. > 161
16.76 | 1856 | 19.44 | 2067 | 105 | |&
(g/em 0 160 : S .
Dry Density (g/cm?’) 162 | 165 | 166 | 161 16 17 ll\8/l Oig%?ecgr%th&) 22
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Prediction of CBR from index properties of soil

Experiment 2.3 (CBR)

Penetration data Ring factor 47.64 N/division
2
10 Blows 30 Blows 65Blows
Penetrati | Dial | Load Dial | Load Dia | Load zZ
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) |9
0 0 0 0 0 0 0 n
0.64 6.0 0.29 8.0 0.38 9.0 0.43 o S
1.27 11.0 0.52 13.0 0.62 14.0 0.67 % = ; ! \‘
191 12.0 0.57 15.0 0.72 16.0 0.76 nx o, rfr
254 | 140 | 067 | 180 | 086 | 190 | 091 || & ‘
3.18 16.0 | 076 | 190 | 091 | 20.0 | 0.95 :
3.81 17.0 0.81 21.0 1.00 220 1.05 >
4.45 180 | 086 | 220 | 1.05 | 240 | 114 || D ¢ 1% , ,
5.08 19.0 0.91 25.0 1.19 26.0 1.24 0 254 5.08 762 10.16 12.7
7.62 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 257 mm 5.08mm
10 0.67 0.91 5.00 450 BLOWS 10 30 65
30 0.86 1.19 6.40 6.00 Dry density | 1.50 157 1.69
65 0.91 1.24 6.80 6.20 Soaked CBR | 4.50 6.00 6.20
DENSITY Vs CBR CURVE
8.0
7.0
65 blows_,c
6.0 T T 1T B T *Wr—
[ |
= |
S
< 5.0 |
o |
e} P i
% O 10blows “
X 4.0 |
8 [
|
|
3.0 : : 1 1 :
1.48 1.53 1.58 1.63 1.68 1.73
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 3.1(Sieve Analysisfor classification)

Sieve Size Wt. Retained % Retained % Pass Sail Classification
No.4 34.75 18 98.2
No.10 55.39 2.8 95.4 A-7-5(17)
N0.40 110.21 5.6 89.8
N0.200 115.6 5.9 83.9
Experiment 3.2(Atterberg limit)
Liquid Limit Plastic Limit 66.0
No. of Blows 29 23 18 65.0
Container Number D-6 D-1 D-2 D-8 D-2 64.0
Wet Soil +con (9)= (W1) 3459 3505 36.16 2868 2939 |8 630
Dry Soil +con(g) = (W2) | 30.72 3048 3164 2764 2802 |3 620 t—————— SC
Massof Con(g) =(W3) 2427 231 2456 2412 23.39 § 61.0 N\
Weight of Moisture (9) 387 457 452 104 137 |2 g0 A
Dry Sail (9) 645 738 708 352 463 [Z p5gq
Moisture Content (%) 60 62 64 | 295 @ 296 = 10 20 300 40 50 100
LL at 25 blow &Avg. PL 62 29.6 Number of Blows
Plasticity Index = LL — PL = 62 - 29.6 = 32.40
Experiment 3.3(Moisture Density Relationship of Soil)
Tfligl No. | 1 2 3 4 |NMC 1.70 OISTURE DENSITY RELATIONS
Mold + Wet soi '
(gm) 8,821 | 9,028 | 9,182 | 9,139 168
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 166 O
Volume (cm”) 2124 | 2124 | 2124 | 2124 g
Wet Soil (gm) 3,819 | 4,026 | 4,180 | 4,137 >1.64
Wet Density (glem®) | 1.80 | 1.90 | 1.97 | 1.95 > 1.62 »
Container No. S1 A-6 | A-3 B-3 | E-13 | | & 1.60
Wet Soil + Con. () | 157.2 | 158.1 [ 129.3 | 1289 1615 | |5
- 01,58
Moisture |-2rY.Sail +Con. (g) 1426 | 1408 | 1146 | 112.1 | 1534 | | 3 J
Mass of Con. (g) 439 | 332 | 332 | 287 | 39.1 OD: 1.56
Mass of Moisture (g) 146 | 173 | 147 | 168 | 81 154
Dry Sail (g) 98.7 | 1076 | 814 | 834 | 1143 ' by ‘= R
Moisture cont. 13 14 15 16 17 18 19 20 21 22 23 24
(gem 14.79 | 16.08 | 18.06 | 20.14 | 7.09
Dry Dersity (g/cmd) 157 | 163 | 167 | 162 LTSl lerld ¥
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Prediction of CBR from index properties of soil

Experiment 3.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows g
Penetr ati Dial | Load Dial | Load Dia | Load zZ
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) | | <
0 0 0 0 0 0 0 g
064 | 40 | 019 | 50 | 024 | 60 | 029 || &
1.27 80 | 038 | 110 | 052 | 110 | 052 | | &
1.91 90 | 043 | 130 | 062 | 130 | 062 | |8 _ ﬁ-ﬁ*"ﬁf
254 | 110 | 052 | 150 | 0.72 | 160 | 0.76 | |2 L A
3.18 130 | 062 | 170 | 081 | 180 | 086 || O
381 | 130 | 062 [ 180 | 086 | 190 | 091 ||
4.45 140 | 067 | 190 | 091 | 200 [ 0.95 || Z . :
5.08 150 | 0.72 | 190 | 091 | 21.0 | 1.00
S 0 2.54 PI?I\R:BI'RATTO%(mm}O'lG 47

CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 2.57 mm 5.08mm
10 0.52 0.71 3.9 3.6 BLOWS 10 30 65
30 0.71 0.91 5.40 4.50 Dry density 1.42 1.55 1.67
65 0.76 1.00 5.70 5.0 Soaked CBR | 3.6 4.5 5.00
DENSITY Vs CBR CURVE
10.0
9.0
g 8.0
£
@) 7.0
§
6.0
A
50 65 blovlsc
4.0
© 10 blows
3.0
2.0 } % : ! } }
1.40 145 150 155 1.60 1.65 1.70
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 4.1(Sieve Analysis for classification)

Weight of Sample before Washing (gm) = 1966

Sieve Size Wit. Retained % Retained | % Pass Sail Classification
No.4 139 1.2 98.8
No.10 25 0.2 98.6 A-7-6(20)
No0.40 20.6 17 96.9
No.200 41.1 35 934
Experiment 4.2(Atterberg limit)
Liquid Limit Plastic Limit 56.0
No. of Blows 33 27 21 L 55.0 N
Container Number D-3 D-4 D-5 D-7 D-10 = 540 \
Wet Soil +con (9)= (W1) 4162 4162 4487 3403 3425 |§
Dry Soil +con(g) = (W)  37.66 37.27 3993 3313 3332 |$ 230 \
Massof Con(g) =(Ws) 2996 2911 31.01 2957 2967 [ 52.0 \
Weight of Moisture Q) 396 435 = 494 090 093 2 51.0 I_O
Dry Soil (g) 770 816 892 356  3.65 50.0
Moisture Content (%) 51 53 5 = 253 255 '
LL at 25 blow & Avg. PL 53.2 254 10 100
Number of Blows
Experiment 4.3(Moisture Density Relationship of Soil)
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil 8949 | 9209 | 9392 | 9340 1.80 e
(gm) ' ' ' ' 1.78
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 1.76
Volume (cm°) 2124 | 2124 | 2124 | 2124 Q.74
Wet Sail (gm) 3947 | 4207 | 4,390 | 4,338 ? 5
Wet Density (gem®) | 1.86 | 1.98 | 2.07 | 2.04 L
Container No. A-6 B-7 | B4 | B8 10 ‘a.70
Wet Soil + Con. () | 194.4 | 187.3 | 1865 | 186.0 | 2155 68
. Dry Sail +Con. (g) 1734 | 1655 | 163.2 | 161.0 | 199.9 66
Moisture =y} 2ss of Con. (g) 510 T 300 [ 305 | 285 401 ] |5
Mass of Moisture (§) | 210 | 218 | 233 | 250 | 156 || 164
Dry Sail () 152.4 | 1355 | 133.0 | 1325 | 159.8 | | 1.62
Moaistyre cont. 1380 | 16.12 | 17.52 | 1887 | 975 || 160 - ;
(gem 13 14 15 16 17 18 19 20 21 22
Dry Density (g/cma) 163 | 171 | 176 | 172 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 4.4(CBR)

Penetration data y Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows
Penetrati | Dial | Load Dia | Load Dia | Load
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||
0 0 0 0 0 0 0 €
0.64 40 | 019 | 60 [ 029 | 60 | 029 | |=Z
1.27 60 | 029 | 110 | 052 | 13.0 | 0.62 g 2
1.91 80 | 038 | 150 | 0.72 | 180 | 0.86 | |7 »
2.54 90 | 043 | 170 | 081 | 20.0 | 0.95 z =
3.18 100 | 048 | 19.0 | 091 | 220 | 1.05 '
@ L
381 | 100 | 048 | 200 | 095 | 240 | 114 | |g | ;&%
445 | 110 | 052 | 21.0 | 1.00 | 260 | 124 | |2 O ' ' '
5.08 120 | 057 | 230 | 1.09 | 280 | 133 E 0 2.54 5.08 6200 SN 0N 6URL 1.2,
7.62 =) PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57mm 5.08mm 2.57mm 5.08mm
10 0.43 0.57 3.20 2.90 BLOWS 10 30 65
30 0.81 1.10 6.10 5.50 Dry density 1.50 1.67 1.76
65 0.95 1.33 7.10 6.70 Soaked CBR | 2.9 5.5 6.7
8.0 DENSITY Vs CBR CURVE
7.5
7.0
6.5
6.0
55 —
e 5.0
S 45
= 4.0
O 3.5
g 3.0
ool 25
2.0 : : : : : :
1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80
Dry density (g/cc)
By Maereg Legese Page 62




Prediction of CBR from index properties of soil

Experiment 5.1(Sieve Analysis for classification)

Weight of Sample Before Washing (gm)=1187

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 84 5.3 94.7
No.10 44.7 2.8 91.9 A-7-5(20)
No.40 425 2.7 89.2
N0.200 86.2 5.4 83.8
Experiment 5.2(Atterberg limit)
Liquid Limit Plastic Limit 790 5
No. of Blows 35 28 25 ;?8 _______ —
Container Number A2 A5 A8 A10 A-12 76.0 \\ :
Wet Soil +con (g)=(W1) 2165 1690 2319 1142 1133 |X ;2-8 \
Dry Soil +con(g) = (W) 1613 = 1313 1824 1060 1039 |§ 730 =%
Massof Con(g) =(Ws) 812 @ 798 11.83 800 750 S 720 :
Weghof asue@ | s%2 e 4% 0% 0% | o e e
Dry Soil (g) 8.01 5.15 6.41 2.60 2.89 127; 0 F)]mmm=——-—————
Moisture Content (%) 69 73 77 315 325 g 68.0 == : !
LL at 25 blow &Avg. PL 77 32 10 Number of Blows 100
Experiment 5.3(Moisture Density Relationship of Sail
Trial No. 1 2 3 4 NMC | RE Y |ONS
Mold + W« soil 176 HHHTHT HITHHTH HITH
8,931 | 9,070 | 9,170 | 9,167 1.75
(gm) 1.74
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 g 173
Volume (cm°) 2124 | 2124 | 2124 | 2124 > 172
Wet Soil (gm) 3,929 | 4,068 | 4,168 | 4,165 > 171
Wet Density (g/cm®) | 1.85 | 1.92 | 1.96 | 1.96 B 170 !
Container No. B4 | B6 | B9 | A2 | 2 g 169
Wet Soil + Con. (q) 179.0 | 1884 | 1435 | 170.0 | 2060 | | 5 1.68
Moisture |2ry Sail +Con. (g) 164.9 | 1714 | 1286 | 150.0 | 1996 | | 5§ 1.67
Mass of Con. (g) 301 | 340 | 300 | 260 | 410 1.66
Mass of Moisture (g) 14.1 17.0 | 149 | 200 6.4 1.65
Dry Sail (g) 134.8 | 137.4 | 98.6 | 124.0 | 158.6 164 — —
|(\£/}|y %ﬁtq re cont. 1046 | 1237 | 1511 | 1613 | 4.04 9 10 11 12 13 14 15 16 17 18
Dry Density (g/cm®) 167 | 170 | 170 | 169 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 5.4(CBR)

Penetration data " Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 44
Penetrati | Dial | Load | Dial | Load | Dia | Load 40
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) Z 36
0 0 0 0 0 0 0 B2
0.64 90 | 043 | 150 | 072 | 250 | 1.19 || O 28
1.27 190 | 091 | 29.0 | 1.38 | 440 | 210 '@ 24
191 | 250 | 1.19 [ 420 | 200 | 65.0 | 310 || S 20 1
254 | 320 | 152 | 530 | 252 | 87.0 | 414 || 5 18] | £
3.18 420 | 200 | 650 | 3.09 | 107.0 | 5.09 9( g e
3.81 470 | 224 | 800 | 381 |127.0] 6.05 | | S 4 = =3
445 [ 510 [ 243 [ 910 [ 434 [1460] 69 || £ o1 ===EE- ,
5.08 59.0 | 281 | 104.0| 495 | 165.0| 786 || 5 0 254 016 12.7
7.62 66.0 | 314 | 1200 | 572 | 210.0 | 10.00 ' PE'\QETRAW%C% (mm) ™ '
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 257 mm 5.08mm
10 1.52 281 114 14.10 BLOWS 10 30 65
30 2.52 4.95 18.9 24.80 Dry density 2.05 2.27 2.39
65 4.14 7.86 31.10 39.30 Soaked CBR 14.10 24.8 39.3
8.0 DENSITY Vs CBR CURVE
7.5
7.0
6.5
6.0
55
. 5.0
(=)
S 45
@
o0 4.0
= 35
(B o5 10 blows
2.0 : : : : %
1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 6.1(Sieve Analysisfor classification)

Wel
Sieve Size Wt. Retained % Retained | % Pass Sail Classification
No.4 109.2 14.4 85.6
No.10 85 11.2 74.4 A-7-5(9)
No.40 64.3 85 66.0
No0.200 58 7.6 58.4
Experiment 6.2(Atterberg limit)
Liquid Limit Plastic Limit 70.0 .
No. of Blows 32 28 21 S 690 |
Container Number A2 A9 A7 A-10 A8 g 68.0 :
Wet Soil +con (9)=(W1) 186 1540 1834 1438 18.08 8§ 670 ;C\
Dry Soil +con(g) = (Wz) | 1449 11.99 1418 1309 16.83 L 660 =
Massof Con(g) =(Ws) 812 68 801 800 1183 |2 650 N
Weight of Moisture (g) 411 341 416 129 125 = 640
Dry Soil (g) 637 519 617 509 500 63.0
Moisture Content (%) 65 66 67 25.3 25.0 10 100
LL at 25 blow &Avg. PL 66 25.2 Number of Blows
Experiment 6.3(Moisture Density Relationship of Sail
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil 2.00 T T T T
Mol 8799 | 8,964 | 9,300 | 9,167 eyl il il T
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 S 190
Volume (cm”) 2124 | 2124 | 2124 | 2124 > —
Wet Soil (gm) 3,797 | 3,962 | 4,298 | 4,165 T 1-30 |
Wet Density (gem®) | 1.79 | 1.87 | 2.02 | 1.96 o 1'73
Container No. E-7 18 B-2 | A-2 13 S 1.65
Wet Soil + Con. (9) | 220.7 | 1856 | 1994 | 170.0 | 2158 | | & '
Moisture |-2rYy.Sail +Con. (g) 206.5 | 171.1 | 182.3 | 150.0 | 209.3 15
Mass of Con. (g) 400 | 419 | 39.7 | 260 | 395 1'50 .......... (N1
Massof Moisture(g) | 14.2 | 145 | 171 | 200 | 6.5 '
Dry Soil (g) 166.5 | 129.2 | 142.6 | 124.0 | 169.8 g B PORI0NLLIZRS 14215 16 17518
Moistyre cont. 853 |11.22 | 11.99 | 16.13 | 3.83
(g/cm
Dry Density (g/cmd) 165 | 1.68 | 1.81 | 1.69 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 6.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 23 |
Penetr ati Dial | Load Dia | Load Dia | Load
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) 40
0 0 0 0 0 0 0 ||z 367
064 | 90 | 043 | 150 | 072 | 250 | 1.19 | |¥ 32
127 | 190 | 001 | 200 | 138 | 440 | 210 ||B 28
191 | 250 | 119 | 420 | 200 | 650 | 3.10 | | 24
254 | 320 | 152 | 530 | 253 | 870 | 415 || 20
318 | 420 | 200 | 650 | 310 | 1070 510 | |Z 16
3.81 470 | 224 | 800 | 381 | 1270 605 | |a 12 ] -
< 8 S —
445 | 510 | 243 | 910 | 434 |1460| 695 | |G , |
508 | 500 | 281 | 1040 | 496 | 1650 | 7.86 | |L A= 9
Z Laad 1 i
762 | 660 | 314 | 1200 | 572 | 2100 10.00 | | 0 2154, S85I08™. oL 7:62F TNI0r16 MRl 217
PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 152 2.81 11.40 1410 | BLOWS 10 30 65
30 2.52 4.95 18.90 2480 | Drydensty | 2.05 227 2.39
65 414 7.86 31.10 3930 | Soaked CBR | 1410 | 24.80 39.30
8.0 DENSITY Vs CBR CURVE
7.5
7.0
6.5
6.0
5.5
" 5.0
o
S 45
o
- 4.0
O 3.5
g 3.0
3 25
2.0 | | | | | |
1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 7.1(Sieve Analysisfor classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4
176.3 18.6 814
No.10 A-7-5(19)
23.6 25 78.9
No.40
52.3 5.5 733
No0.200
61.4 6.5 66.8
Experiment 7.2(Atterberg limit)
Liquid Limit Plastic Limit 500 E
No. of Blows 30 26 18 . 2%8
Container Number A-9 A-7 A-6 A-8 A-1 % %8 ,
Wet Soil +con (g)=(W1) 1583 21.03 179 2017 1541 £ 450 i
Dry Soil +con(g) =(W2) | 1322 172 1461 1865 1404 |O ﬁ-g :
Massof Con(g) =(W3)  6.78 8.2 745 1183 781 2 420
Weightof Moistre @) 261 383 320 152 137 |2 450 |
Dry Sail () 6.44 900 716 682 623 33.8 .
Moisture Content (%) 41 43 46 223 220 '
LL at 25 blow & Avg. PL 43 22.10 10 100
Number of Blows
Experiment 7.3(Moisture Density Relationship of Sail
Trial No. 1 2 3 4 NMC 1.60 | URE D | ATI
Mold +Wet soil 8,675 | 8,853 | 8,970 | 8,934
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 '
Volume (cm®) 2124 | 2124 | 2124 | 2124 T
Wet Soil (gm) 3,673 | 3,851 | 3,968 | 3,932 o
Wet Density (gem®) | 1.73 | 1.81 | 1.87 | 185 214
Container No. S1 T-3 T-2 -2 A-1 D
Wet Soil + Con. (g) 176.7 | 1785 | 177.6 | 182.7 | 203.3 gl 59
Moiaure Dry Soil +Con. (g) 158.8 1578 154.5 1571 188.6 Z'\ . PR P EEEEEEEEEE T HHHTH
Mass of Con. (9) 239 | 442 | 408 | 401 | 428 | | &yeo [l
Ma$0f MOiSture(g) 17.9 20.7 231 25.6 147 (i 1 W R AR A AR R AR AR 1 ::::é
Dry Sail (g) 114.9 | 113.6 | 113.7 | 117.0 | 14538 1.48 . AL |
?gy?:'fq e cont. 1558 | 18.22 | 20.32 | 21.88 | 10.08 14 15 16 17 18 19 20 21 22 23 24
Dry Density (g/cmd) 150 | 153 | 155 | 152 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 7.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows i
Penetrati | Dia | Load | Dial | Load | Dia | Load S
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) =t A58
0 0 0 0 0 0 0 O
0.64 100 | 047 | 40 | 019 | 230 | 1.10 || B
127 [ 160 | 076 | 140 [ 067 | 350 | 167 || 2 e
1.91 180 | 086 | 23.0 | 1.10 | 430 | 250 O 2 | -
254 | 19.0 | 091 | 290 | 1.38 | 460 | 219 || S {
318 | 200 | 095 | 320 | 152 | 49.0 | 233 | |9 ot
3.81 210 | 1.00 | 350 | 1.67 | 520 | 247 || = LA
4.45 230 | 110 | 380 | 1.81 | 540 | 257 || 5 y
5.08 240 | 114 [ 440 | 210 | 56.0 | 2.67 0K ' '
0 254 508 762 1016 127
7.62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.91 1.14 6.80 5.70 BLOWS 10 30 65
30 1.38 2.10 10.4 10.50 Dry density 1.39 1.52 1.58
65 2.19 2.67 16.40 13.30 Soaked CBR | 5.70 10.50 133
150 DENSITY Vs CBR CURVE
14.0
13.0
12.0
11.0
30 blows
10.0
S 9.0
& 8.0
o :
B
g 7.0
3 6.0
5.0
4.0
3.0 t t t t t
1.35 1.40 145 Dy density (%) 1.55 1.60 1.65
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Prediction of CBR from index properties of soil

Experiment 8.1(Sieve Analysisfor classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4
176.3 18.6 814
No.10 A-7-5(19)
23.6 25 78.9
No.40
52.3 55 73.3
No.200
61.4 6.5 66.8
Experiment 8.2(Atterberg limit)
Liquid Limit Plastic Limit 58.0
No. of Blows 32 26 21 S 57.0 1
Container Number A-5 A-8 A-9 A-7 A-2 2 550 |
Wet Soil +con (g)=(W1)  19.36 = 2225 1955 1358  14.00 g N
: 55.0
Dry Soil +con(g) =(W2) | 154 1855 1497 1237 1272 | § =
Massof Con(g) =(Ws) = 807 11.83 678 801 812 oo Bl =
Weight of Moisture (9) 396 370 458 121 128 | @ 930
Dry Soil () 733 672 819 436 460 § 52.0
Moisture Content (%) 54 55 56 27.8 27.8 10 100
LL at 25 blow & Avg. PL 55.2 27.8 Number of Blows

Experiment8.3 (Moisture Density Relationship of Soail

Trial No. 1 2 3 4 NMC 1.75 O|ST = ] = ONS
'(\gz;j + Wet soil 8,650 | 8988 | 9,235 | 9,148 1.73
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 171 ™\
Volume (cm) 2124 | 2124 | 2124 | 2124 ) j \
Wet Sail (gm) 3,648 | 3,986 | 4,233 | 4,146 g 167 ] \
Wet Density (g/em®) | 172 | 1.88 | 1.99 | 1.95 5 165
Container No. A-14 | A-13 | Al0 | S5 | F2 | |5 163
Wet Soil + Con. (q) 1685 | 1706 | 154.8 | 1547 | 2211 | | Z 161 /
Moigture |rY Soil +Con. (g) 156.0 | 1545 | 1385 | 136.2 | 2102 | |a 1.59
Mass of Con. (g) 441 | 407 | 396 | 336 | 423 ||z 157 ]
Massof Moisture(g) | 125 | 161 | 163 | 185 | 109 | (O 155 *
Dry Soil (g) 1119 | 1138 | 989 | 102.6 | 167.9 1.53 UL . . .
I(\ély(():lrslt1 re cont. 1117 | 1415 | 1648 | 1803 | 6.49 10 11 12 13 14 15 16 17 18 19 20 21 22
i 0,
Dry Dersity (g/emd) 154 | 164 | 171 | 165 RO ST
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Prediction of CBR from index properties of soil

Experiment 8.4(CBR)

Penetration data : Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows
Penetrati | Dia | Load | Dial | Load | Dia | Load =
on(mm) | RDG | (KN) | RDG | (KN) |RDG | (KN) | |¥ 4
0 0 0 0 0 0 0 &
0.64 60 | 029 | 90 | 043 | 70 | 033 o3
1.27 100 | 048 | 16.0 | 0.76 | 13.0 | 0.62 a
1.91 120 | 057 | 200 | 095 | 190 | 091 | |§ 2
2.54 130 | 062 | 220 | 1.05 | 22.0 | 1.05 <DE o= o}
3.18 150 | 072 | 240 | 1.14 | 240 | 114 O 1 g . & ‘-7 \
3.81 160 | 076 | 26.0 | 1.24 | 27.0 | 1.29 i )f:’,,. ,-a-a-dr-an
4.45 170 | 081 | 280 | 1.33 | 290 | 1.38 | |Z 03
5.08 180 | 086 | 30.0 | 143 | 31.0 | 147 o) ;
762 25 perraiOh ! 27
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 257 mm 5.08mm
10 0.62 0.86 4.6 4.3 BLOWS 10 30 65
30 1.05 1.43 7.90 7.10 Dry density 141 1.60 1.69
65 1.05 1.48 7.90 7.10 Soaked CBR 4.30 7.10 7.40
DENSITY Vs CBR CURVE
15.0
14.0
13.0
o 12.0
S 11.0
% 10.0
9.0
3
g e 65 blows_,c
7.0
6.0
5.0
4.0 © 10 blows
3.0 : : ! ! ! : :
1.38 143 1.48 1.53 . 158 1.63 1.68 1.73
Dry d5enS|ty (g/cc)
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Prediction of CBR from index properties of soil

Experiment 9.1(Sieve Analysisfor classification)

Weight of Sample Before Washing (gm)=1062.5

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 0.67 0.1 99.9
No.10 21.63 2.0 97.9 A-7-5(20)
No.40 56.93 5.4 92,5
N0.200 35.63 34 89.2
Experiment 9.2(Atterberg limit)
Liquid Limit Plastic Limit 750
No. of Blows 34 29 24 74.0
Container Number A-2 A-8 A-4 A-7 A-1 X 730
Wet Soil +con ()= (W1) 193 2403 171 1249 1183 |g 120 ==
Dry Soil +con(g) = (W) | 1473 1899 1301 1154 10.99 é e ————— =
Massof Con(g) =(Ws) 812 1183 731 802 7.8 |o Zg-g N
Weight of Moisture (g) 457 504 409 095 084 E 68'0
Dry Sail (g) 661 716 570 352 317 |2 670
Moisture Content (%) 69 70 72 270 265 ' . .
LL at 25 blow & Avg. PL 71 26.7 Number of Blows
Experiment9.3 (Moisture Density Relationship of Sail
Tria Mo L 2 8 4 NME g OISTURE DENSITY RELATION
gﬂf*was"" 8741 | 9,037 | 9,204 | 9,082 THEHEH I HEHIH I
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 8166 AN
Volume (cm®) 2124 | 2124 | 2124 | 2124 > AN
Wet Soil (gm) 3,739 | 4,035 | 4,202 | 4,080 _— UL \ ]
Wet Density (gem®) | 1.76 | 1.90 | 1.98 | 1.92 o i il
Container No. E13 | 13 | B14 | E7 | A4 ||&
Wet Soil + Con. (9) | 189.3 | 165.2 | 202.7 | 181.8 | 192.6 g 1.58
Moisture |ry.Soil +Con. (g) 168.2 | 1465 | 177.9 | 1589 | 1736 | | &
Mass of Con. (g) 391 | 395 | 425 | 410 | 335 | |° 154
Massof Moisture (g) | 21.1 | 187 | 248 | 229 | 19.0
Dry Sail (g) 129.1 | 107.0 | 1354 | 117.9 | 140.1
NEy— 150
(@/em 16.34 | 17.48 | 18.32 | 19.42 | 1356 o M i s ol M ot
Dry Density (g/cmd) 151 | 162 | 167 | 161 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 9.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows
Penetrati | Dial | Load | Dial | Load | Dia | Load =
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) | |¥ 08
0 0 0 0 0 0 0o ||B e
0.64 00 | 000 | 10 | 005 | 20 | 0.10 '@ '
1.27 10 | 005 | 20 | 010 | 40 | 019 |(Z
191 30 | 014 | 40 | 019 | 50 | 024 | [O
2.54 40 [ 019 | 50 | 029 | 60 | 029 ||
3.18 50 | 024 | 60 | 029 | 70 | 033 | (9
3.81 60 | 029 | 70 | 033 | 80 | 038 | |k
4.45 70 | 033 | 80 | 038 | 90 | 043 | |5 - ' '
5.08 80 | 038 | 9.0 | 043 | 10.0 | 0.48 0 254 5.08 7.62 10.16 12.7
762 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 2.57 mm 5.08mm
10 0.19 0.38 1.40 1.90 BLOWS 10 30 65
30 0.24 0.43 1.80 2.10 Dry density 1.44 1.59 1.68
65 0.29 0.48 2.10 240 Soaked CBR | 1.90 2.10 240
o DENSITY Vs CBR CURVE
2.6
25
2.4
2.3
= 2.2
3\/ I
o 2.1
o
g 2.0
&3 19 o 10 blows
18
1.7 : ; i
1.42 147 1.52 157 1.62
Dry density (g/cc)
By Maereg Legese Page 72




Prediction of CBR from index properties of soil

Experiment 10.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4
189.7 226 77.4
No.10 A-7-6(15)
81.87 9.7 67.7
No.40
104.61 12.5 55.2
No0.200
106.97 12.7 425
Experiment 10.2(Atterberg limit)
Liquid Limit Plastic Limit 50.0 .
No. of Blows 35 29 24 < 49.0
Container Number A-1 A-9 A-7 A-2 A-6 *g 48,0 fm—————== = v\
Wet Soil +con (g)= (W1) 20.88 1988 2037 1653 1440 |E 470 N\
. - § 46.0
Dry Soil +con(g) =(W2) 1687 1574 1637 1517 1327 g . \
Massof Con(g) =(Ws) = 7.82 678 802 812 745 |3 ap 5
Weightof Moisture () 401 414 4 136 113 |2 430
Dry Sail (g) 905 89 835 7.05 582 42,0
Moisture Content (%) 44 46 48 19.3 194 10
LL at 25 blow &Avg. PL 48 19.4 Number of Blows

Experiment10.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil 1.90 il I
9,201 | 9,474 | 9,632 | 9,540

(gm) 1.88
Density | Mold (gm) 5002 | 5002 | 5002 | 5002

Volume (cm°) 2124 | 2124 | 2124 | 2124 81.86

Wet Soil (gm) 4199 | 4,472 | 4630 | 4538 3’1_84

Wet Density (gcm®) | 1.98 | 211 | 218 | 214 -

Container No. 18 | B-2 | T3 | B3 | |18

Wet Soil + Con. () | 241.5 | 2418 | 1731 | 2036 | 1596 | i, o)
Moisture |ry-Sail +Con. (g) 2196 | 2164 | 1534 | 1778 | 1481 | | »

Mass of Con. (g) 41.9 41.2 39.9 | 442 28.7 Al 78

Mass of Moisture (g) 219 254 19.7 | 258 11.5 1.76

Dry Soil (g) 177.7 | 1752 | 1135 | 1336 | 119.4 '

Moistyre cont. 1232 | 1450 | 17.36 | 1931 | 963 || L7 | -

(gcm 10 11 12 13 14 15 16 17 18 19 20 21 22
Dry Density (g/cmd) 176 | 1.84 | 1.86 | 1.79 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 10.4(CBR)

Ring factor 47.64 N/division

Penetration data
10 Blows 30 Blows 65Blows
Penetr ati Dial | Load Dial | Load Dial | Load >
on (mm) RDG | (KN) RDG | (KN) RDG | (KN) X
0 0 0 0 0 0 0 g
0.64 100 | 048 | 220 | 1.05 | 25.0 | 1.19 ||k
1.27 180 | 086 | 520 | 248 | 580 | 276 | |&
1.91 200 | 095 | 60.0 | 286 | 67.0 | 319 | | &
254 220 | 105 | 640 | 305 | 760 | 362 || o
318 | 240 | 114 | 680 | 324 | 810 | 386 | | &
381 | 260 | 124 | 710 | 338 | 89.0 | 424 | |2
4.45 280 | 133 | 750 | 357 | 96.0 | 457 g
5.08 300 | 143 | 790 | 376 | 103.0 | 4.91
7.62

|
0 2.54 5.08 7628 ple 1046 M40 1247,
PENETRATION (mm)

CBR Value at Standard Loads and CBR Test Summary

blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 1.05 1.43 7.90 7.10 BLOWS 10 30 65
30 3.05 3.76 22.90 18.80 Dry density 1.66 1.81 1.88
65 3.62 491 27.20 24.50 Soaked CBR 7.10 18.80 24.50
DENSITY Vs CBR CURVE
29.0
27.0
25.0 65 blow:
=~ 230 /
8\/ 1 S S ek |
r 21.0
m
) 19.0
E 17.0
m —— B e e e e e e e e e e e e el el el e s
A 15.0
13.0
11.0
90 /
7.0 e 10 blows ]
5.0 : : S : :
1.63 1.68 1.73 1.78 1.83 1.88
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 11.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 130.35 14.1 85.9
No.10 59.93 6.5 79.5 A-7-5(20)
No.40 26.93 2.9 76.5
No.200 77.45 8.4 68.2
Experiment 11.2(Atterberg limit)
Liquid Limit Plastic Limit 65.0
No. of Blows 30 23 16 N 64.0
Container Number D-1 D-6 D-10 D-3 D-5 I
. = (0
Wet Soil +con ()= (W1) 3566 3819 4436 361 3550 |E 630 .
Dry Soil +con(g) = (W2)  30.92 32.86 3867 3484 3457 % 62.0 frmm—— -
Massof Con(g) =(Ws) 2316 2427 2966 2995 3100 |4 L0 N
Weight of Moisture ()~ 474 = 533 569 126 093 |< '
Dry Soil (g) 776 859 901 489 357 60.0
Moisture Content (%) 61 62 63 258 26.1 10 100
LL at 25 blow & Avg. PL 62 25.90 Number of Blows
Experiment11.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 NMC N U ENSITY LATIONS
M0|d+Wa$|| 1'74 B | | | IEEEE! | B | B B |
8,853 | 9,020 | 9,159 | 9,155 173 RN
(gm) 8 1'72 B / | | \ B
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 > %% AN
Volume (cm”) 2124 | 2124 | 2124 | 2124 2 169 e
Wet Soil (gm) 3,851 | 4,018 | 4,157 | 4,153 % 1.68
Wet Density (gem®) | 1.81 | 1.89 | 1.96 | 1.96 a %-gg BERREEEAEED,
Container No. B2 | S1 | 18 10 27165 | A
Wet Soil + Con. (q) 160.6 | 168.1 | 168.3 | 177.0 | 1810 | |© 164 A
Moigure |2y Soil +Con. (g) 1481 | 154.0 | 1529 | 159.4 | 172.0 %-gg [ adiiEE
Mass of Con. (g) 308 | 438 | 408 | 418 | 40.1 161 EEEEE
Massof Moisture(g) | 125 | 141 | 154 | 176 | 9.0 1.60 : .
Dry Soail (g) 108.3 | 110.2 | 112.1 | 117.6 | 131.9 11 12 13 14 15 16
I(\gy?;lrsltq re cont. 1154 | 1279 | 1374 | 1497 | 6.82
i 0,
Dry Density (g/om) 163 | 168 | 172 | 1.70 e U B T
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Prediction of CBR from index properties of soil

Experiment 11.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows
Penetr ati Dia | Load Dial | Load Dia | Load
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN)
0 0 0 0 0 0 0
0.64 4.0 0.19 5.0 0.24 | 100 | 048
1.27 7.0 033 | 100 | 048 | 170 | 0.81
1.91 9.0 043 | 16.0 | 0.76 | 220 | 1.05
2.54 100 | 048 | 190 | 090 | 25.0 | 1.19
3.18 110 | 052 | 210 | 1.00 | 28.0 | 1.33
381 110 | 052 | 240 | 1.14 | 31.0 | 148
4.45 120 | 057 | 26,0 | 1.24 | 340 | 1.62
5.08 120 | 057 | 270 | 1.29 | 35.0 | 1.67 :
D005t . :
7.62 0.00 254 B BrparlSR ml0le 1270

CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 257 mm 5.08mm
10 0.48 0.57 3.6 29 BLOWS 10 30 65
30 0.91 1.29 6.8 6.4 Dry density 143 1.64 1.72
65 1.19 1.67 8.90 8.3 Soaked CBR 2.9 6.4 8.30
DENSITY Vs CBR CURVE
10.0
9.0
§ B 8.0
S
% 7.0
)
i 6.0
5
5.0
4.0
3.0
2.0 f ; t t ; t t t
142 1.46 1.50 1.54 1.58 1.62 1.66 1.70 1.74
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 12.1(Sieve Analysis for classification)

Weight of Sample Before Washing (gm)= 932

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 67.74 7.3 92.7
No0.10 36.46 3.9 88.8 A-7-5(20)
No.40 58.49 6.3 825
No.200 65.14 7.0 75.6
Experiment 12.2(Atterberg limit)
Liquid Limit Plastic Limit 69.0
No. of Blows 31 | 22 | 16 L el
: X 670
Container Number A-4 A-3 A-2 A-11 A-12 %' 66.0 N\
Wet Soil +con (g)=(W1)  19.77 1851 1883 1275 12.28 E 650 N
Dry Soil +con(g) =(W,) 1503 1484 1454 1179 1128 |©O 2‘3‘-8
Massof Con(g) =(Ws) 731 914 812 824 750 ; 620
Weight of Moisture (g) 474 367 @ 429 096  1.00 g 61.0
Dry Soil (g) 772 570 642 355 378 60.0
Moisture Content (%) 61 64 67 27.0 26.5 10 100
LL at 25 blow & Avg. PL 63 26.70 Number Of Blows
Experiment11.3 (M oisture Density Relationship of Soil
Trial No. : 1 2 3 4 NMC 1.80 - OSTU d E\IS TY; EL T O S
gﬂ;ﬂwa sl 9,060 | 9,290 | 9,405 | 9,250 e TR ERRRRAETH TR
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 o ERSETRREAREANARRTNRRRIAIE
Volume (cm®) 2124 | 2124 | 2124 | 2124 I HEHTH T
Wet Soil (gm) 4,058 | 4,288 | 4,403 | 4,248 i T T T IN
Waet Density (gem®) | 1.91 | 202 | 2.07 | 2.00 172 EEIEEE R \
Container No. 10 B2 | S1 | 18 %;(1) T X
Wet Sail + Con. (g) 1705 | 180.3 | 165.6 | 186.4 | 171.0 | | 169 ! / A
- 1.68 = SR
Moisture |2y Sail +Con. (g) 1525 | 1594 | 1464 | 1625 | 156.1 | | 168 TS ATE
Mass of Con. (g) 40.1 | 39.8 | 438 | 408 | 418 166 I
Mass of Moisture (g) 18.0 209 | 192 | 239 | 149 1.65
Dry Sail (g) 1124 | 1196 | 1026 | 1217 | 143 | | 72 1 I |
I(\gy?;lrsltq re cont. 16.01 | 17.47 | 1871 | 19.64 | 13.04 15 16 17 18 19 20 21 22
Dry Density (g/cm’) 165 | 172 | 175 | 167 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 12.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows
Penetr ati Dial | Load Dial | Load Dial | Load 0.6
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) g ] ‘H
0 0 0 0 0 0 0 E’
0.64 3.0 0.14 4.0 0.19 6.0 0.29 O 04
127 | 30 | 014 | 50 | 024 | 70 | 033 g)
1.91 4.0 0.19 5.0 0.24 7.0 0.33 >
2.54 50 | 024 | 60 | 029 | 80 | 038 |[O 021
3.18 50 0.24 6.0 0.29 8.0 0.38 9(
3.81 6.0 0.29 7.0 0.33 9.0 0.43 9 0.0
4.45 60 | 029 | 70 | 033 ] 100 | 048 | |E ' | '
5.08 60 | 029 | 80 | 038 | 110 | 052 | |5 000 25 508 762 1016 1270
7.62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.24 0.29 1.8 1.40 BLOWS 10 30 65
30 0.29 0.38 2.10 1.90 Dry density 1.57 1.66 1.78
65 0.38 0.52 2.90 2.60 Soaked CBR 1.40 1.90 2.60
DENSITY Vs CBR CURVE
3.0
29
2.8
2.7
2.6
25
24
2.3
N 22
> 2.1
o 2.0
@) 1.9 =
g 18
1.7
2 1.6
15
14
1.3 : : : : :
1.54 1.59 1.64 1.69 1.74 1.79 1.84 1.89
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 13.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 48.57 5.1 94.9
No.10 36.72 39 91.1 A-7-5(20)
No.40 42.06 4.4 86.6
N0.200 52.01 55 81.2
Experiment 13.2(Atterberg limit)
Liquid Limit Plastic Limit 700 : —
No. of Blows 30 24 17 L e = | —
. X 680 . —
Container Number A1l A8 A6 A12 A4 |2 a0 N\ | =
Wet Soil +con (g)= (W1) 1908 2120 195 1241 1214 é 66.0 S—— . _
- A N i i +
Dry Soil +con(g) =(Wz) 1492 1751 1461 1139 1113 | § gz-g | —
Massof Con(g) =(Ws) 825 1183 745 751 731 O 630 Eﬁﬁ ————
Weight of Moisture () | 416 =~ 369 489 102 101 |{ 620 | —
Dry Soil (g) 667 568 716 388 382 |2 0] |
Moisture Content (%) 62 65 68 263 264 ' - -
LL at 25 blow &Avg. PL 64 26.4 Number Of Blows
Experiment13.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC ISTUR NSITY RELATIONS
Mold + Wet sail 165 LTI AR RRRRRR AR R RRRRRRRA AR RRRHH!
(am) 8,814 | 8,924 | 9,010 | 8,940 1.64 8868588858 R8 A8 A8 A8 R4 RARA AR H
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 163
Volume (cm®) 2124 | 2124 | 2124 | 2124 1 1.62 i
Wet Soil (gm) 3,812 | 3,922 | 4,008 | 3,938 olel ™\
Wet Density (gem®) | 1.79 | 1.85 | 1.89 | 1.85 ©1.60
Container No. B4 | B7 | E-1 | B-10 | B8 || 2159 {1 ‘\
Wet Soil + Con. () | 180.2 | 170.1 | 145.6 | 151.2 | 206.0 %1.58 T \
Moisture |-2ry.Sail +Con. (g) 160.5 | 150.6 | 130.1 | 1325 | 1936 | | Q1,57 A \
Mass of Con. (g) 30.2 | 300 | 394 | 300 | 285 || >156 ./
Mass of Moisture (g) 19.7 195 | 155 | 187 | 124 | |O155 1
Dry Sail (g) 130.3 | 1206 | 90.7 | 1025 | 165.1 154 HHLHHHHAFHIPT
?gy?;'fq re cont. 1512 | 1617 | 17.09 | 1824 | 751 4 15 16 17 18 19 20 21
Dry Density (g/om) 156 | 159 | 161 | 157 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 13.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetr ati Dial | Load Dia | Load Dia | Load
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN)
0 0 0 0 0 0 0 S 04 -
0.64 10 |0050| 10 | 005 | 20 0.10 =
1.27 20 [ 010 | 30 | 014 | 40 0.19 %
191 30 | 014 | 40 | 019 5.0 0.24 7
254 40 | 019 | 50 | 024 | 7.0 0.33 a 02
318 | 40 | 019 | 50 | 024 | 70 | 033 | |6
3.81 50 | 024 | 6.0 | 0.29 8.0 0.38 <D(
4.45 50 | 024 | 6.0 | 0.29 8.0 0.38 8 L
5.08 50 | 024 | 70 | 033 9.0 0.43 = 0% ' ' ' '
z 0 254 5.08 7.62 10.16 12.7
7.62 5 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 257 mm 5.08mm
10 0.19 0.24 14 1.2 BLOWS 10 30 65
30 0.24 0.33 1.8 1.7 Dry density 1.44 1.57 1.66
65 0.33 0.43 25 2.1 Soaked CBR 12 1.70 2.10
DENSITY Vs CBR CURVE
24
2.2 65 blow:
2.0
18
S 30 blows @
@ 16 /
e}
@)
B 1.4
®
A
12
1.0 : : : ! :
142 1.47 1.52 1.57 1.62 1.67
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 14.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4
6.85 0.7 99.3
No.10 A-7-5(20)
9.12 1.0 98.3
No.40
33.95 37 94.6
No0.200
43.23 46 90.0
Experiment 14.2(Atterberg limit)
Liquid Limit Plastic Limit 720 .
No. of Blows 32 27 22 . 710 f
Container Number D1 D9 D6 D9 D8 |5 100 N
Wet Soil +con (9)=(W1) 36.62 3741 36.65 2870 26.98 % ' \
Dry Soil +con(g) = (W) | 31.25 3223 3155 2773 2621 |Q ~ 690 p=————= =\
[0 A ¥
Massof Con(g) =(Ws) = 2315 2462 2427 2416 23.40 5 68.0 \
Weight of Moisture (g) 537 518 5.1 097 0.77 D 67.0 "-‘
Dry Sail () 810 761 728 357 281 |2 66.0 S
Moisture Content (%) 66 68 70 | 272 | 274 10 100
LL at 25 blow & Avg. PL 69 27.3 Number of Blows
Experiment14.3 (M oisture Density Relationship of Soil
Trid No. 1 2 3 4 | NMC 164 MOISTURE DENSITY RELATIONS
Mold +Wet soil 8,890 | 9,080 | 9,160 | 9,115 163
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 i
Volume (cm®) 2124 | 2124 | 2124 | 2124 o
Wet Soil (gm) 3,888 | 4,078 | 4,158 | 4,113 g lica
Wet Density (gem®) | 1.83 | 1.92 | 1.96 | 1.94 S 158
Container No. 10 E7 | T3 14 19 F 157
Wet Soil + Con. (q) 141.1 | 166.8 | 1264 | 1356 | 2015 | |2 ;¢
. LIJ .
Moigture | 2y Soil +Con. (g) 1254 | 1453 | 1114 | 1168 | 1860 | [B 155
Mass of Con. (g) 40.1 410 | 442 | 406 | 402 > 154
Mass of Moisture (g) 15.7 215 | 150 | 188 | 155 OQ: 153
Dry Sail (g) 853 | 1043 | 67.2 | 762 | 1458 152 I T
'(\é'y‘(’:'i re cont. 1841 | 2061 | 22.32 | 24.67 | 10.63 17 18 19 20 21 22 23 24 25 26 27
Dry Density (g/cmd) 155 | 159 | 1.60 | 155 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 14.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows
Penetr ati Dia | Load Dia | Load Dial | Load =
on (mm) RDG | (KN) | RDG | (KN) RDG | (KN) <
0 0 0 0 0 0 0 %
0.64 3.0 0.14 5.0 0.24 7.0 0.33 =
1.27 4.0 0.19 6.0 0.29 8.0 0.31 o
1.91 5.0 0.24 7.0 0.33 | 100 | 048 %
2.54 6.0 0.29 8.0 0.38 | 120 | 057 a)
3.18 7.0 0.33 8.0 0.38 | 130 | 0.62 6':
3.81 7.0 0.33 9.0 043 | 140 | 0.67 ,:‘ 01
4.45 80 | 038 | 90 | 043 | 150 | 0.72 = :
5.08 90 | 043 | 100 | 048 | 160 | 0.76 || ° 0 s T T
7.62 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.29 0.43 2.10 2.10 BLOWS 10 30 65
30 0.38 0.48 2.90 2.40 Dry density 1.39 1.54 1.62
65 0.57 0.76 4.30 3.80 Soaked CBR 2.10 2.40 3.80
af DENSITY Vs CBR CURVE
38 65 blov?
3.6
S
04
m
@)
gS
X
@®©
&
1.66
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 15.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 9.22 1.0 99.0
No.10 9.23 1.0 98.1 A-7-5(20)
No.40 21.35 2.2 95.9
No0.200 38.19 4.0 91.9
Experiment 15.2(Atterberg limit)
Liquid Limit Plastic Limit 810
No. of Blows 29 23 | 18 < 800
Container Number All A8 A4 A2 A6 % ;2-8 \
Wet Soil +con (9)=(W1) 2277 2450 19.08 1358 1314 |5 770 é\h
Dry Soil +con(g) =(W2) 166 19.00 1387 1215 11.80 5.:, 760 —— S
Massof Con(g) =(Ws) 825 1183 731 751 745 |§ 750 "-‘
Weight of Moisture(g) 617 550 521 = 143 134 |2 740 5
Dry Soil (g) 835 717 656 464 435 ;2-8
Moisture Content (%) 74 77 79 30.8 30.8 '
LL at 25 blow & Avg. PL 76 30.8 = I e e
Experiment15.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC 172 ISTURE SITY R IONS
Mold +Wet soil 8995 | 9123 | 9,229 | 9,250 '
(gm) ’ ' ’ ’ 171
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 175 g
Volume (cm”) 2124 | 2124 | 2124 | 2124 g [ N
Wet Soil (gm) 3993 | 4,121 | 4,227 | 4,248 > 1.69 IV il T\
Wet Density (gcm’) | 1.88 | 1.94 | 1.99 | 2.00 > 168 LA
Container No. B9 | B8 | B10 | A2 | B7 ||m il
Wet Soil + Con. () | 147.3 | 1506 | 160.1 | 1563 | 1504 | | & 167 /
Moigture |DrY Soil +Con. (g) 1334 | 1423 | 141.2 | 1355 | 1382 | | O 1.66
Mass of Con. (g) 300 | 285 | 299 | 265 | 300 ||Z% o
Mass of Moisture (g) 13.9 17.3 189 | 20.8 12.2 [l
Dry Sail (g) 1034 | 1138 | 111.3 | 109.0 | 108.2 1.64 e LI
I(\gy?;lrsltq re cont. 1344 | 1520 | 16.98 | 19.08 | 11.28 12 13 14 15 16 17 18 19 20 21 22
_ Moisture Content %
Dry Density (g/cmd) 166 | 1.68 | 1.70 | 1.68
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Prediction of CBR from index properties of soil

Experiment 15.4(CBR)

Penetration data

Ring factor 47.64 N/division

0.6 ‘
10 Blows 30 Blows 65Blows | ‘,
Penetrati | Dial | Load Dia | Load Dia | Load i
on(mm) | RDG | (KN) |RDG | (KN) |RDG | (KN) | |5 Lo
0 0 0 0 0 0 0 X 04 re
0.64 2.0 0.09 5.0 0.24 7.0 0.33 (ZD 4
1.27 3.0 0.13 6.0 0.29 8.0 0.38 7
1.91 4.0 0.19 7.0 0.33 9.0 0.43 a Tk
2.54 50 | 024 | 80 | 038 | 100 | 048 | |§
3.18 5.0 0.24 8.0 0.38 | 100 | 0.48 <OE
381 6.0 0.29 9.0 043 | 11.0 | 052 3
4.45 6.0 0.29 9.0 043 | 11.0 | 052 - 0 LF ; :
57%2 6.0 029 | 100 | 048 | 120 | 057 % 0 2:54. 4 gz 00 R Oﬁ'?l%m) 10.16 12.7
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.24 0.29 4.8 14 BLOWS 10 30 65
30 0.38 0.48 2.9 2.4 Dry density 1.53 1.63 1.73
65 0.48 0.57 3.6 2.9 Soaked CBR 1.40 2.40 2.90
DENSITY Vs CBR CURVE
29
2.7
iy 25
S 30 blow:
o 2.3 (e r—————————— ;
foa)
O
3 21
X
&
19
1.7
15 F
© 10-blows
13 : ! : :
1.50 1.55 1.60 1.65 1.70 1.75 1.80
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 16.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 15 0.1 99.9
No.10 97 02 99.6 A-7-5(20)
No.40 3.93 0.3 99.3
No.200 9.07 0.8 98.5
Experiment 16.2(Atterberg limit)
Liquid Limit Plastic Limit 820
No. of Blows 31 24 19 81.0 i
Container Number D-1 D-6 D-8 D-9 D-2 —
Wet Sail +con (9)=(W1) 3215 3341 3221 3021 2860 | 80.0 \%
Dry Sail +con(g) = (Wz) |~ 282 2937 2829 2870 2724 (% 790 N
Massof Con(g) =(Ws) @ 2316 2428 234 2416 2316 |5 780
Weightof Moistre (¢) 395 404 392 151 136 |9 .o
Dry Soil (g) 504 509 489 454 408 | B '
Moisture Content (%) 78 79 80 333 333 |2 700
LL at 25 blow & Avg. PL 79 33.3 10 100
Number of Blows
Experiment16.3 (M oisture Density Relationship of Soil
Trial No. : 1 2 3 4 NMC 174 R NSITY |ONS
Mold +Wet soil 9,050 | 9165 | 9,271 | 9,312
(gm) 1.73
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm°) 2124 | 2124 | 2124 | 2124 172
Wet Sail (gm) 4,057 | 4163 | 4269 | 4310 171 _ Lt
Wet Density (gem®) | 191 | 196 | 2.01 | 2.03 ) P ™N
Container No. B8 | A6 | B7 | B4 | A5 | Q170 i I
Wet Sail + Con. (g) 1772 | 180.1 | 168.3 | 1752 | 1407 | | J 169 A R (AR
Moigture |rY Soil +Con. (g) 159.2 | 160.1 | 147.6 | 151.2 | 1284 | | 3 Ll
Mass of Con. (g) 285 | 336 | 300 | 302 | 272 || 8168 1 e
Mass of Moisture (g) 18.0 200 | 20.7 | 240 | 123 >1.67
Dry Sail (g) 130.7 | 1265 | 1176 | 121.0 | 101.2 | [
Moistyre cont. 1.66
(g/em 13.77 | 15.81 | 17.60 | 19.83 | 12.15 13 14 15 16 17 18 19 20 2
Dry Density (g/cm’) 168 | 169 | 171 | 1.69 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 16.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetr ati Dial | Load Dial | Load Dia | Load i
on(mm) | RDG | (KN) | RDG | (KN) |RDG | (KN) | |Z
0 0 0 0 0 0 0 > 04 -
0.64 1.0 0.05 2.0 0.09 30 | 014 g F 4
1.27 2.0 0.09 3.0 014 | 40 | 0.19 T -
191 | 30 | 014 | 40 | 019 | 50 | 024 | |z 4, o
254 | 30 | 014 | 50 | 024 | 60 | 029 | |9 02 /;-/
3.18 4.0 0.19 5.0 0.24 6.0 | 0.29 6(
3.81 4.0 0.19 6.0 0.29 7.0 0.3 b
4.45 5.0 024 | 6.0 0.29 8.0 | 0.38 '% oh ‘ ‘
5.08 5.0 024 | 7.0 0.33 80 | 0.38 =) “n | ' '
0 2.54 5.08 7.62 10.16 12.7
7.62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.10 1.20 BLOWS 10 30 65
30 0.24 0.33 1.80 1.70 Dry density 1.53 1.66 1.73
65 0.29 0.38 2.10 1.90 Soaked CBR 1.20 1.70 1.90
DENSITY Vs CBR CURVE
2.2
s 2.0
53 65 blows
> !
m 18
o
o) ' 4
|
1.4 !
|
|
1.2 :
i
i
1.0 | S=S | ; |
151 1.56 1.61 1.66 1.71 1.76
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 17.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 23.29 22 97.8
No.10 13.16 13 96.5 A-7-5(20)
No.40 45 0.4 96.1
No.200 14.0 1.3 94.7
Experiment 17.2(Atterberg limit)
Liquid Limit Plastic Limit 85.0 : :
No. of Blows 31 26 21 o 840 5 5
. N IQ !
Container Number A-6 A-7 A-2 A-9 A-1 > 83.0 E ;
Wet Soil +con (g)= (W1) 2421 2508 2311 1190 12.90 g 8?'0 = = }\3 |
Dry Soil +con(g) = (W) ~ 168 17.43 1630 1065 1165 |8 om0 =
- O 800 \
Massof Con(g) =(Ws) = 745 802 812 678 7.82 2 290 =3
Weight of Moisture(g) 741 = 7.65 681 125 125 | B g,
Dry Sail (g) 935 941 818 387 383 § 77.0
Moisture Content (%) 79 81 83 323 32.6 10 100
LL at 25 blow & Avg. PL 82 325 Number of Blows

Experiment17.3 (Moisture Density Relationship of Soil

Trid No. 1 2 3 4 | NMC || -, MOISTURE DENSITY RELATIONS
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 1.70 i g
Volume (cm°) 2124 | 2124 | 2124 | 2124 69 i O ks SRR
Wet Soil (gm) 3993 | 4,163 | 4,312 | 4,248 68 {1 AR LN
Wet Density (g/cm‘j) 1.88 1.96 203 | 2.00 267 i A
Container No. A4 | F2 | E7 [B14 [ B5 ||Fes | i 1 \ il
Wet Soil + Con. (g) | 1513 [ 160.9 | 159.9 | 180.2 | 167.2 | | O ge ||| A \
Moisture |2ry-Sail +Con. (g) 1354 | 1427 | 1402 | 1557 | 1537 | | &' |
Mass of Con. (g) 33.6 40.9 41.0 42.4 343 ’ HHHTH
Massof Moisture () | 159 | 182 | 19.7 | 245 | 135 || 163 g
Dry Soil (g) 101.8 | 101.8 | 99.2 | 113.3 | 1194 | | 162 f
, e
Moistyre cont. 1562 | 17.88 | 19.86 | 21.62 | 11.31
(g/cm 15 16 17 18 19 20 21 22 23 24
Dry Density (g/cmd) 163 | 166 | 1.69 | 1.64 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 17.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetrati | Dia | Load Dial | Load Dia | Load =
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ¥ ¥ an
0 0 0 0 0 0 0 & 04 f
0.64 1.0 0.05 2.0 0.10 40 0.19 'z)
1.27 2.0 0.10 3.0 0.14 5.0 0.24 %
191 2.0 0.10 4.0 0.19 6.0 0.29 (@)
02 1 >
254 3.0 0.14 5.0 0.24 7.0 0.33 <Dt
3.18 3.0 0.14 5.0 0.24 7.0 0.33 o
381 | 40 [ 019 | 50 [ 024 | 80 | 038 || F ‘g{r ‘ ‘
4.45 4.0 0.19 6.0 0.29 8.0 0.38 % o .
5.08 4.0 0.19 6.0 0.29 9.0 0.43 0 254 5.08 7.62 10.16 12.7
7.62 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 257 mm 5.08mm
10 0.14 0.19 110 1.0 BLOWS 10 30 65
30 0.29 0.33 2.10 1.70 Dry density 1.56 1.61 1.72
65 0.38 0.48 2.90 2.40 Soaked CBR 1.00 1.70 2.40
DENSITY Vs CBR CURVE
29
2.7
25
S
= 2.3
[ac
e}
@ 21
R e e e e i
X 1.9
A
1.7 30 blows
15
13
11
0.9 o 16-blews : : : :
154 1.59 1.64 1.69 1.74
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 18.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 2.41 0.3 99.7
No.10 7.58 0.9 98.8 A-7-5(20)
No.40 34.75 4.0 94.8
No0.200 63.66 7.4 87.5
Experiment 18.2(Atterberg limit)
Liquid Limit Plastic Limit 140.0
139.0
No. of Blows 34 25 17 - 1380 T
Container Number A2 A9 A7 A1l A1l |2 13E8
Wet Soil +con (g)=(W1) 1521 1637 1632 11.73 1217 é 135.0
: S 1340
Dry Soil +con(g) =(W;) = 10.86 10.89 1151 1052 10.96 S 1330
Massof Con(g) =(W3) 751 679 802 783 825 = %%%8
Weight of Moisture (9) | 435 548 481 121 121 |5 1398
Dry Soil () 335 410 349 269 271 |= 1280 :
Moisture Content (%) 130 134 138 450 446 10 e [ 100
LL at 25 blow &Avg. PL 134 44.75 NSO TonE

Experiment18.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC 135 MOISTURE DENSITY RELATIONS
Mold + Wet ol :
(gm) 8L34
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 S 23
Volume (cm”) 2124 | 2124 | 2124 | 2124 i’
Wet Soil (gm) 3,397 | 3,536 | 3,618 | 3,608 732 0o
Wet Density (gem®) | 1.60 | 166 | 1.70 | 1.70 131 UL e TTTTTTN
N
Container No. B-1 | A6 | A3 [ B-10 | A1 Dl - A ARG, SURRHAHA
Wet Sail + Con. (g) 163.7 | 1414 | 146.1 | 1346 | 1434 E j /f T AR ORHHRHHNR
Moigture |DrY Soil +Con. (g) 137.6 | 1180 [ 120.4 | 1093 [ 125.0 | [ OL29 | i it \ it
Mass of Con. (g) 31.3 | 332 | 332 | 298 | 340 128 LUl HAARHHHIG
Massof Moisture (g) | 26.1 | 234 | 257 | 253 | 184 AN
Dry Sail (g) 1063 | 848 | 87.2 | 795 | 91.0 127 ' ' ' =
g/ %ﬁtq re cont. o455 | 2759 | 29.47 | 3182 | 20.22 24 25 26 27 28 29 30 31 32 33 34 35
Dry Density (g/cm?) 128 | 130 | 1.32 | 1.29 Moisture Content %
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Prediction of CBR from index properties of soil

Experiment 18.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetrati | Dial | Load Dia | Load Dia | Load =
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||Z P
0 0 0 0 0 0 0 CZ> 0.4 R
0.64 10 [ 005 [ 20 [ 010 [ 30 | 014 || /
1.27 20 | 010 | 30 | 014 | 40 | 019 T
191 20 | 010 | 30 | 014 | 6.0 | 029 % 0.2 - / /‘
2.54 40 | 019 | 50 | 024 | 80 | 0.38 a P
3.18 40 | 019 | 50 | 024 | 9.0 | 043 |[§
3.81 50 | 024 | 60 | 029 | 9.0 | 043 :
445 | 50 | 024 | 70 | 033 | 100 | 048 | |5 o1 |
5.08 60 | 029 | 70 | 033 | 10.0 | 048 e 0 254 5.08 7.62 10.16 12.7
7.62 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.19 0.29 1.40 1.40 BLOWS 10 30 65
30 0.24 0.33 1.80 1.70 Dry density 1.06 1.17 132
65 0.38 0.48 2.90 2.40 Soaked CBR 1.40 1.70 2.40
N DENSITY Vs CBR CURVE
2.8
2.6
—~ 2.4
S
04 2.2
o0
O =SSSSSSSSSSSSS=SSs
3 2.0 = ==
%
3 18
30 blows
1.6
14 O 10blows
1.2 } : } : }
1.03 1.08 1.13 1.18 1.23 1.28 133
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 19.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 0.21 0.0 100.0
No.10 50.9 5.0 95.0 A-7-6(19)
No.40 44,54 44 90.6
No0.200 75.97 75 83.1
Experiment 19.2(Atterberg limit)
Liquid Limit Plastic Limit 58.0
No. of Blows 30 24 20 - 57.0
Container Number A5 A8 A4 A-10 A-2 ?8, 56.0 R
Wet Soil +con (9)= (W1)  17.58 21.34 1784 1259 1300 |E B0 EV—— =S
Dry Soil +con(g) = (W) 1429 17.97 1405 1171 1206 |Q 340 =S
Massof Con(g) =(Ws;) 808 1183 731 801 810 |z 30 =
Weight of Moisture(@) 329 337 379 088 094 |2 20
Dry Soil (g) 621 614 674 370 39 °10
Moisture Content (%) 53 55 56 @ 238 237 A0 108
LL at 25 blow &Avg. PL 55 23.8 Number of Blows
Experiment19.3 (M oisture Density Relationship of Soil
Trid No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
I(\g?r:;j + Wet soil 8,763 | 9,120 | 9,337 | 9,288 L
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 iy TIN
Volume (cm) 2124 | 2124 | 2124 | 2124 S 168 / \
Wet Sail (gm) 3,761 | 4,118 | 4,335 | 4,286 :’
Wet Density (gem®) | 177 | 1.94 | 204 | 2.02 - 165 /
Container No. B-5 19 28 61 10 11216 /
Wet Soil + Con. (9) | 1836 | 206.0 | 1826 | 1636 | 2140 | | W /
Moisture |2ry-Sail +Con. (g) 1645 | 182.1 | 159.7 | 1430 | 196.4 | | 5. 1.59 /
Mass of Con. (g) 343 | 402 | 408 | 433 | 401 || &% 156 /
Mass of Moisture (g) 19.1 239 | 229 | 206 17.6 '
Dry Sail (g) 130.2 | 1419 | 1189 | 99.7 | 156.3 153 : : : . .
(gem MOISTURE CONTENT %
Dry Density (g/cmd) 154 | 166 | 1.71 | 1.67
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Prediction of CBR from index properties of soil

Experiment 19.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 08 | |
Penetrati | Dial | Load | Dial | Load | Dia | Load i .
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) =
0 0 0 0 0 0 0 ST /
Z
0.64 3.0 0.14 4.0 0.19 5.0 0.24 o) ‘,‘.‘
1.27 5.0 0.24 7.0 0.33 8.0 0.38 '(T) 04 +—
1.91 7.0 0.33 9.0 0.43 11.0 0.52 a
2.54 80 | 038 | 110 | 052 | 130 | 062 | |§ o> |
3.18 9.0 0.43 13.0 0.62 14.0 0.67 9(
381 9.0 0.43 14.0 0.67 15.0 0.72 9 01 ‘
4.45 100 | 048 | 150 | 072 | 160 | 0.76 | |k - ' :
508 | 100 | 048 | 150 | 072 | 170 | 081 | | Z & . . R
- PENETRATION (mm)
7.62
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57mm 5.08mm
10 0.38 0.48 2.90 2.40 BLOWS 10 30 65
30 0.52 0.71 3.90 3.60 Dry density 143 1.59 1.69
65 0.62 0.81 4.60 4.00 Soaked CBR 2.40 3.60 4.00
DENSITY Vs CBR CURVE
4.5
4.3
4.1 65 %
LS _ B ==
< 37 B ==========c======c== ”
x 30 blows = |
8 35
3 33
29
2.7
25
2.3
24 : : : : : |
141 1.46 151 1.56 1.61 1.66 171
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 20.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 59.37 6.5 935
No.10 82.77 9.0 84.5 A-7-6(17)
No.40 59.98 6.6 77.9
No.200 100.98 11.0 66.9
Experiment 20.2(Atterberg limit)
Liquid Limit Plastic Limit 53.0
No. of Blows 30 26 20 S 520
Container Number A-5 A-4 A-2 A-8 A-11 ‘8’
Wet Soil +con (g)= (W1) 1744 17.83 1806 1598 1234 |E °L0 =" c
Dry Soil +con(g) = (W) = 1434 1431 1466 1520 1158 g 50.0 Q\
Massof Con(g) =(Ws) 807 731 811 1184 825 % 4910 o
Weight of Moisture (g) 310 352 34 078 076 |Bd
Dry Soil (g) 627 700 655 336 333 |= 480
Moisture Content (%) 49 50 52 23.2 22.8 10 100
LL at 25 blow &Avg, PL 51 23 Number of Blows

Experiment20.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC 77
Mold +Wet soil 8,933 | 9,186 | 9,395 | 9,405 1.76
(gm) 1.75
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 1.74
Volume (cm”) 2124 | 2124 | 2124 | 2124 3 %;g
Wet Sail (gm) 3931 | 4,184 | 4,393 | 4,403 L 171
Wet Density (gem®) | 1.85 | 1.97 | 207 | 2.07 > 170
Container No. B2 | E7 | 73 |B14| z1 ||7 18
Wet Soil + Con. (g) | 215.7 | 204.8 | 180.2 | 193.7 | 1793 | | & 167
. Dry Soil +Con. (g) 1953 | 182.3 | 150.3 | 168.2 | 165.7 | |2 1.66
Moisture 2 165
Mass of Con. (g) 39.8 410 | 442 | 424 | 414 o 1ea
Mass of Moisture (g) 20.4 225 | 209 | 255 | 136 163 i
Dry Soil (g) 1555 | 1413 | 1151 | 1258 | 124.3 162 MU | | |
I(\gy?;lrsltq re cont. 1312 | 1592 | 1816 | 20.27 | 10.94 13 14 15 16 17 18 19 20 21 22 23
i 0,
Dry Density (g/cm®) 164 | 170 | 175 | 1.72 Moysire Gontent %6
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Prediction of CBR from index properties of soil

Experiment 20.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows 08 | |
Penetrati | Dial | Load | Dial | Load | Dia | Load ' g
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) =
0 0 0 0 0 0 0 X 06 7
0.64 4.0 0.19 6.0 0.29 7.0 0.33 % ‘,‘-‘
1.27 5.0 0.24 7.0 0.33 9.0 0.43 7 04 -
1.91 7.0 0.33 9.0 043 | 11.0 | 052 g
2.54 8.0 0.38 9.0 043 | 120 | 057 © 02 -
3.18 8.0 0.38 | 11.0 | 052 | 140 | 0.67 9(
381 9.0 043 | 11.0 | 052 | 150 | 0.75 9 01 ‘
4.45 9.0 043 | 120 | 057 | 16.0 | 0.76 = < ' '
508 | 100 | 048 | 130 | 062 | 17.0 | 081 | | Z ¢ Zeh el N V(R RN LU T e
762 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.38 0.48 2.90 2.40 BLOWS 10 30 65
30 0.52 0.71 3.90 3.60 Dry density 1.43 1.59 1.69
65 0.62 0.81 4.60 4.00 Soaked CBR 2.40 3.60 4.00
i DENSITY Vs CBR CURVE
4.3
41 65 blows
__,_...-c
iy 3.9
E/ 37 7777777777 ==== 7777307&777 /
ows _o"
8 35
3 33
E 31
2.9
2.7
25
23 o 10 blows
21 ! | : : : :
141 1.46 151 1.56 1.61 1.66 1.71
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 21.1(Sieve Analysis for classification)

Sieve Size Wi. Retained % Retained | % Pass Soil Classification
No.4 63.49 6.4 93.6
No.10 62.34 6.3 87.3 A-7-6(20)
No.40 80.03 8.1 79.2
No.200 89.85 9.1 70.2
Experiment 21.2(Atterberg limit)
Liquid Limit Plastic Limit 84.0
No. of Blows 31 24 15 s 830 Q
Container Number A1l A4 A-10 A-2 A-12 *g 820 \
WetSoll reon (@= (WD) 1647 155 162 1205 177 |E N
Dry Soil +con(g) =(W2) ~ 12.81  11.85 1249 1112 1077 |9 ™ :
Massof Con(g) =(Ws) 825 731 800 812 751 ;s 80.0
Weight of Moisture (g) 3.66 3.68 3.73 0.93 1.00 S 79.0
Dry Soil (g) 456 = 454 449 | 300 326 = 78.0
Moisture Content (%) 80 81 83 31.00 30.70 10 100
LL at 25 blow & Avg. PL 81 30.8 Number of Blows

Experiment21.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC M oistur e density relations
Mold + Wet soil I
(gm) 8645 | 8825 | 8935 | 8890 154
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm°) 2124 | 2124 | 2124 | 2124 b 1.52
Wet Sail (gm) 3643 | 3823 | 3933 | 3888 )
Wet Density (g/cm®) 1.72| 180| 185| 1.83 N 1.50
Container No. B-7 Z-1 B-10 | A5 B-14 =
Wet Soil + Con. (g) 154.2 | 166.8 | 143.6 | 1414 | 174 | |2 148
i L
Moisture Dry Soil +Con. (g) 1354 | 1454 | 122.3 119 158 | | 5
Mass of Con. (g) 30| 414| 298| 271 43 | | >~ 1.46
Mass of Moisture (g) 188 | 214| 213| 224 16 | X
Maistyre cort. 16 18 19 21 22 24 25 27
(glem 17.84 | 2058 | 23.03 | 24.37 | 139
i 0,
Dry Density (g/cm”) 146 | 149| 151| 147 B e e
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Prediction of CBR from index properties of soil

Experiment 21.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows 06
Penetrati | Dial | Load Dia | Load Dial | Load =
on(mm) | RDG | (KN) |RDG | (KN) | RDG | (KN) || &
0 0 0 0 0 0 0 %
0.64 1 0.05 2 0.10 3 0.14 7
1.27 2 0.10 3 0.14 4 0.19 a
1.91 3] 014 4] 019 5] 024||&
2.54 3 0.14 5 0.24 6 0.29 <D(
3.18 4 0.19 5 0.24 6 0.29 9
3.81 4 0.19 6 0.29 7 0.33 2
4.45 5/ 024 6| 029 8| 038)|Z 01y , ,
5.08 5| 024 7] 033 8| 038 0 254 $150840 76201 10116 #0107
7.62 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 1.19 | BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 | Dry density 1.53 1.66 1.73
65 0.29 0.38 214 1.91 | Soaked CBR 1.19 1.67 1.91
DENSITY Vs CBR CURVE
2.2
2.0
65 blow
18
=
= 1.6 £C
@
G
14
3
% -
&3 i © 10blows
1.0 : : : | i
151 1.55 1.59 1.63 1.67 171 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 22.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 219.2 18.67 81.33
No.10 220.78 18.81 62.52 A-7-5(20)
No.40 96.41 8.21 54.31
No.200 118.33 10.08 44.23
Experiment 22.2(Atterberg limit)
Liquid Limit Plastic Limit ©
No. of Blows 30| 26 18 § 870
Container Number D-10 D-5 @ D-9 A3 A-4 é C\\
Wet Soil +con (@)= (W1) 3877 4009 3325 1377 1145 |2 80 N\
Dry Soil +con(g) = (W2) 3466 3595 29.04 1293 10.71 2 =
Massof Con(g) =(Ws) 2968 31 2416 914 73 | = 80 3
Weight of Moisture (g) 411 414 421 084 074
Dry Soil (g) 498 495 488  3.79 3.41 810
Moisture Content (%) 825 8364 8627 2216 2170 LY L
LL at 25 blow &Avg. PL 84 21.9 Number of blows
Experiment22.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil [ENARERERNRRARRANRRNRA| FEE
(gm) 8945 | 9060 | 9110 | 9030 4157
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 > H
Volume (cm°) 2124 | 2124 | 2124 | 2124 > 55 ™\
Wet Sail (gm) 3943 | 4058 | 4108 | 4028 B L \ HHHH
Wet Density (gcm®) | 1.856 | 1.911 | 1934 | 1896 z AT \ i
Container No. 13 28 | | E-1 B-14 | | ©1.53 T T _ \ HHHH
Wet Sail + Con. (g) 151 | 1702 | 166.3 | 1684 | 174 | |& e I\
Moigture | 2y Soil +Con. (g) 130.7 | 1455 | 1419 | 1421 | 158 01 %l | HIA
Mass of Con. (9) 40 42 42 40| 43 ' e
Mass of Moisture (g) 203 | 247 244 | 263| 16
Dry Sail (q) 90.7| 1035| 99.9| 1021 | 115 1.49 .
Moistyre cont. 21 22 23 24 25 26 27
(g/em 2238 | 23.86 | 24.42 | 2576 | 1391
Dry Density (g/cmd) 152| 154| 155| 151 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 22.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows e
Penetratio | Dial | Load Dia | Load Dial | Load Py
n(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) <
0 0 0 0 0 0 0 =l _
0.64 1| 005 2| 010 3| 014|| O /
|_
1.27 2| 010 3| 014 4| 019 @) -
1.91 3| 014 4| 019 5| 024 a b ®
254 3| 014 5| 024 6| 02| §°°
3.18 4| 019 5| 024 6| 029 a)
381 4] 019 6| 029 7 0| § ‘
4.45 5| 024 6| 0.29 8| 0.38 : 1o ‘ , ,
>.08 5| 024 7| 033 8. 0% | 2 0 254 508 762 1016 127
7.62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 0.14 | BLOWS 10 30 65
30 0.24 0.33 1.79 0.24 | Dry density 1.53 1.66 1.73
65 0.29 0.38 2.14 0.29 | Soaked CBR 1.19 1.67 1.91
DENSITY Vs CBR CURVE
22
2.0
S 18
o 30 blows
oa)
O 16 fa /
<
> 1.4
(@]
n
1.2
1.0 t t t t t t
151 1.55 1.59 1.63 1.67 il 7/l 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 23.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained % Pass Soil Classification
No.4 0.75 0.07 99.93
No.10 27.03 261 97.32 A-7-5(20)
No.40 14.91 1.44 95.88
No0.200 36.31 3.50 92.38
Experiment 23.2(Atterberg limit)
Liquid Limit Plastic Limit
No. of Blows 31 25 18 , 00
Container Number A-10  A-11 A8 A6 A9 S N
Wet Soil +con(g)=(W1) 15095 1619 @ 19.78 1099  10.66 é 7.0 NG
Dry Soil +con(g) =(W2) 1256 1276 163 1015 975 |8 [ =1%
Massof Con(g) =(Ws) 801 825 1184 746 679 |2 7.0 ,
Weight of Moisture (g) 339 343 348 0.84 0.91 _‘%5
Dry Soil (g) 455 451 @ 4.46 269 296 |s 730
Moisture Content (%) 7451 7605 7803 3123 3074 10.00 100.00
LL at 25 blow & Avg. PL 76 31 Number of Blows

Experiment23.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC 148 MOISTURE DENSITY RELATIONS
(gm) 8560 | 8675 | 8804 | 8846
Density | Mold (gm) 4760 | 4760 | 4760 | 4760 -
Volume (cm®) 2124 | 2124 2124 2124 L g
Wet Soil (gm) 3800 | 3915 | 4044 | 4086 > RAGAHARAAAACACHE AR ,/ AR \ (I
Wet Density (g/cm®) 179 | 184| 190| 1.92 = g
Container No. B-2 A-2 A-3 B-8 B-14 z ,/
Wet Sail + Con. (g) 156 | 1605 | 1509 | 1378 | 174 LéJ 0 R \: et
Moisture |2ry-Sail +Con. (g) 1317 1326 | 1241] 1111] 188 ||> o / A
Mass of Con. (g) 283| 265| 333 | 285| 43 a -
Mass of Moisture (g) 24.3 27.9 26.8| 26.7 16
Dry Sail () 1034 | 106.1 90.8 826 115 A RS R TR RRE
Moisture cont. 13.91 les = S '
(glem 2350 | 26.30 | 2952 | 32.32 ' 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Dry Density (g/cmd) 145| 146 | 147| 145 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 23.4(CBR)

Penetration data = Ring factor 47.64 N/division
10Blows | 30 Blows 65Blows '
Penetrati | Dial | Load Dia | Load Dial | Load =
on (mm) RDG | (KN) | RDG | (KN) | RDG | (KN) X
0 0 0 0 0 0 0l|3 Ok P
0.64 1 0.05 2 0.10 3 014 | | i
1.27 2 0.10 3 0.14 4| 019 |
1.91 3] 014 4] 019 5] 024|158
254 3 0.14 5 0.24 6 0.29 <D(
3.18 4 0.19 5 0.24 6 0.29 9
3.81 4 0.19 6 0.29 7 033 ] | ' '
4.45 5 0.24 6 0.29 8 0.38 % 0 254 5.08 7.62 10.16 12.7
5.08 5 0.24 7 0.33 8 0.38
7.62 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
257 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 153 1.66 1.73
65 0.29 0.38 214 191 Soaked CBR 1.2 1.7 19
DENSITY Vs CBR CURVE
2.2
A & 65 blow,
o 30 blowse'
m
g . /(”m
: -
g 14 : ]
&3 |
L © 10blows 1
|
1.0 i i ‘ : ! :
LK 1.55 1:59 1.63 1.67 171 175
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 24.1(Sieve Analysis for classification)

Sieve Size Wit. Retained % Retained | % Pass Soil Classification
No.4 8.79 0.82 99.18
No.10 19.39 1.80 97.38 A-7-6(16)
No.40 11.52 1.07 96.31
No.200 29.85 278 93.53
Experiment 24.2(Atterberg limit)
Liquid Limit Plastic Limit
713
No. of Blows 30 25 18 N
Container Number A-8 A-5 A-7 A-2 A-11 *g’ 69.3
Wet Soil +con (9)=(W1) 1973 1598 1592 1224 1161 |E 473 T
Dry Soil +con(g) = (W2) | 1661 128 1266 1147 1067 |$ NG
Massof Con(g) =(Ws) 1183 808 802 914 779 |5 953 -
: . B
Weight of Moisture (g) 312 318 326 077 094 |T 33 - E 5
Dry Soil (g) 478 472 464 233 288 |= 10 100
Moisture Content (%) 65.27 6737 7026 33.05 3264 Nlirber of Blows
LL at 25 blow &Avg. PL 67 32.8

Experiment24.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NM.C MOISTURE DENSITY RELATIONS
Mold + Wet soil 1.47 M A it
(gm) 8565 | 8850 | 8900 | 8915 '
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm®) 2124 | 2124 | 2124 | 2124 o 144
Wet Soil (gm) 3563 | 3848 | 3898 | 3913 3
Wet Density (g/cm®) 168 | 181| 184| 184 >
Container No. F12 |E1 |Z1 |F2 B-14 '55 141
Wet Sail + Con. (g) 176.4 | 163.2 | 187.7| 2087 | 174 || = :
Moisture |-Pry Sail +Con. (g) 1522 | 1383 | 1573 | 171.7| 158 | | & Len |
Mass of Con. (g) 428 | 394 | 414| 409 | 43 E :
Mass of Moisture (g) 242 | 249| 304 37| 16 [a) |
Dry Sail (q) 109.4 | 989 | 1159 | 130.8| 115 1.35 | |
Moistyre cont.
(g/em 2212 | 2518 | 26.23 | 28.29 | 13.91 A = 28 2 £
_ MOISTURE CONTENT %
Dry Density (g/cmd) 137| 145| 145| 144
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Prediction of CBR from index properties of soil

Experiment 24.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetr ati Dia | Load Dia | Load Dial | Load =
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) | [¥
0 0 0 0 0 0 0|8 0.4 oo
0.64 1| 005 2| 010 3] 014 |6 e
o -
1.27 2| 010 3| 014 4| 019 |= . ®
1.91 3| 014 4| 019 5| 024]|9 0.2 f/r
2.54 3 0.14 5 0.24 6 0.29 6(
3.18 4 0.19 5 0.24 6 0.29 | | - ‘
|_
3.81 4] 019 6] 029 7] o033z o 1| , ,
S,
4.45 5| 024 6| 029 8| 038 0 254 508 762 1016 127
5.08 5 0.24 7 0.33 8 0.38
762 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 1.19 | BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 | Dry density 1.53 1.66 1.73
65 0.29 0.38 2.14 191 | Soaked CBR 1.19 1.67 191
DENSITY Vs CBR CURVE
22
2.0
65 blow!
— 18
§
% 16
@)
B
3 1.4
A
— o iO blows
10 : : : : ! :
151 1.55 1.59 1.63 1.67 171 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 25.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 3.29 0.30 99.70
No.10 10.44 0.96 98.74 A-7-5(20)
No0.40 21.06 1.94 96.80
N0.200 61.58 5.67 91.13
Experiment 25.2(Atterberg limit)
Liquid Limit Plastic Limit 75.0
No. of Blows 30 26 22 > 740 |
Container Number A9 | A5 A-2 A-8 A-6 g 73.0 ; 8
Wet Soil +con (9)=(W1) 1578 1707 1703 168 1231 |G 720 :
Dry Soil +con(g) = (W2) 1209 1332 1326 1581  11.37 % 7L \
Massof Con(g) =(Ws) 679 808 812 118 746 |5 00 >
Weight of Moisture(9) 360 375 377 099 o094 |= 690
Dry Soil (g) 53 524 514 401 391 68.0
Moisture Content (%) 69.62 7156 7335 2469 24.04 LY o0
LL at 25 blow &Avg. PL 72 24.36 Number of Blows

Experiment25.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NM.C MOISTURE DENSITY RELATIONS
Mold + Wet soil T T
(gm) 8945 | 9060 | 9110 | 9030 157
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 % i '__ i
Volume (cm®) 2124 | 2124 | 2124 | 2124 8 155 h
Wet Sail (gm) 3943 | 4058 | 4108 | 4028 -
Wet Density (g/cm®) 186 | 1.91| 193] 1.90 e
Container No. 13 28| | E1 [B-14 |[H "
Wet Soil + Con. (q) 151 | 170.2 | 166.3| 1684 | 174 || >
Moigure |2y Soil +Con. (g) 130.7 | 1455 | 1419 | 1421 158 || % 151
Mass of Con. (g) 40 42 42 40| 43
Mass of Moisture (g) 203 | 247 244 | 263| 16 1.49
Dry Sail (g) 90.7 | 1035| 99.9| 1021 | 115 21 23 o5 27
Moisture cont.
(g/em 22.38 | 2386 | 2442 | 25.76 | 13.91
Dry Density (g/cma) 1.52 1.54 1.55 151 MG STURE CONTERIRD
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Prediction of CBR from index properties of soil

Experiment 25.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetrati Dia | Load Dia | Load Dia | Load =
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||X¥
0 0 0 0 0 0 0|8
0.64 1] 005 2| 010 3] 014 |B
1.27 2| 010 3| 014 4] 019/|3
1.91 3 0.14 4 0.19 5 024 |0
2.54 3| 014 5| 024 6] 02923
318 4| 019 5| 024 6| 0299 .
3.81 4| 019 6| 029 7] o33l 0N ' '
4.45 5 0.24 6 0.29 38 0.38 :Z) 0 2.54 5.08 7.62 10.16 12.7
5.08 5 0.24 7 0.33 8 0.38
762 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57mm 5.08mm 257 mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 1.53 1.66 1.73
65 0.29 0.38 2.14 191 Soaked CBR 1.19 1.67 191
DENSITY Vs CBR CURVE
2.2
2.0
65 blows
S 1.8 /
&
O 1.6
5
1.4
o)
1.2
1.0 % % : % % : : :
151 1.54 157 1.60 1.63 1.66 1.69 172 1.75 1.78
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 26.1(Sieve Analysis for classification)

Sieve Size Wit. Retained % Retained | % Pass Soil Classification
No.4 156.05 12.45 87.55
No.10 66.28 5.29 82.26 A-7-6(14)
No.40 69.70 5.56 76.70
No.200 117.21 9.35 67.34
Experiment 26.2(Atterberg limit)
Liquid Limit Plastic Limit 45.0
No. of Blows 30 26 19 © 440
Container Number D-6 D-7 D-1 D-9 D-10 % 43.0
Wet Soil +con (9)= (W1) 3351 3873 3237 2817 3278 |¢& 420 \
Dry Sail +con(g) = (W2) | 30.81 36 2958 2756 323 § G X
Massof Con(g) =(Ws) = 2428 205 2314 2416 2968 |5 '
Weight of Moisture (g) 27 273 279 o6l o048 |Z 400
Dry Sail (g) 653 65 644 34 262 |= 390
Moisture Content (%) 4135 4200 4332 17.94 1832 10 100
LL at 25 blow &Avg. PL 42 18.13 Number of Blows
Experiment26.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 MOISTURE DENSITY RELATIONS
MO|d+WGISOI| FHH | |NREEE | |NREEE |NREEE | |NREEE | L
(gm) 8945 | 9060 | 9110 | 9030 1.57
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 .
Volume (cm®) 2124 | 2124 | 2124 | 2124 NS L e ;;';\\
Wet Sail (gm) 3943 | 4058 | 4108 | 4028 - i / HHTHTTIN
Wet Density (gcm®) | 1.856 | 1.911 | 1.934 | 1.896 e AN
Container No. 13 28| | E1 |B14 |[[2~ /
Wet Sail + Con. (g) 151 [ 1702 | 166.3 | 1684 [ 174 || W A
Moigture | 2y Soil +Con. (g) 130.7 | 1455 | 1419 | 1421 | 158 || 5 151 T
Mass of Con. (g) 40 42 42 40 43 | | &
Mass of Moisture (g) 203 | 247 | 244 | 26.3 16 1.49 , .
Dry Sail (g) 90.7 | 103.5| 99.9 | 102.1| 115 21 3 o4 95 26 97
Moisture cont.
Dry Density (g/cma) 152 ] 154 | 155| 151
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Prediction of CBR from index properties of soil

Experiment 26.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 0.6
Penetrati | Dia | Load Dial | Load Dia | Load .
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) 5
0 0 0 0 0 0 o/ | =z o4 .
0.64 1] 005 2| 010 3| 014 g
1.27 2| 010 3| 014 4| 0.19 o
191 3| 014 4] 019 5| 024 (Z)
254 3| 014 5| 024 6| 029 a
3.18 4] 019 5| 024 6| 029 6
3.81 4] 019 6| 029 7| 033 — '
4.45 5 0.24 6 0.29 38 0.38 E 0 2.54 5.08 7.62 10.16 12.7
5.08 5| 024 7| 033 8| 038 >
762 PENETRATION (mm)
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57mm 5.08mm 2.57mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 1.53 1.66 1.73
65 0.29 0.38 2.14 1.91 Soaked CBR 1.19 1.67 1.91
DENSITY Vs CBR CURVE
2.2
2.0
——65blows,
g 18 /
@
o0
(@) 16
3
g 14
L= o :-LO blows
1.0 : | | : | :
151 155 1.59 1.63 1.67 1.71 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 27.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 2.2 0.36 99.64
No.10 9.3 1.51 98.14 A-7-6(20)
No.40 18.6 3.01 95.12
N0.200 112.6 18.25 76.87
Experiment 27.2(Atterberg limit)
Liquid Limit Plastic Limit 590
No. of Blows x| 28 23 .
Container Number D-8 D-6 D-1 D-2 D-4 = 57.0 | x
Wet Soil +con (g)=(W1) 3346 3272 3432 2985 34.86 % 55.0 =
Dry Soil +con(g) =(W2) | 3016 29.71 3037 2889 338 O \
Massof Con(g) =(Ws) | 239 2427 2335 246 2015 |5 530 5
Weight of Moisture (g) 33 80l 395 096 106 |3 4 EF—
Dry Soil (g) 6.26 544 7.02 429 465 ' - -
Moisture Content (%) 5272 5533 5627 2238 22.80
LL at 25 blow &Avg. PL 56 22.59 Number of Blows
Experiment27.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil 1.84
(gm) 9055 | 9341 | 9409 | 9297
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 5 182 {
Volume (cm®) 2124 | 2124 | 2124 | 2124 < 180 \
Wet Sail (gm) 4053 | 4339 | 4407 | 4295 N, / \
Wet Density (g/cm®) 191 204| 207 202 S (il XTI
Container No. B6 |B3 |B1 |B2 2 | |2 17
Wet Soil + Con. (g) 187 201| 184 174| 205 || 4 alll [l \ i
Moisure |2y Sail +Con. (g) 174| 181 1652 1542 1939 | | > L.74 N i
Mass of Con. (g) 34 29 31 29| 401 | |3 172 e
Mass of Moisture (g) 13 20 18.8 198 | 111
Dry Sail (g) 140 | 152 | 134.2| 1252 153.8 170 : ' ' '
Moisture cont. 9 10 11 12 13 14 15 16 17 18
(g/em 9.29 | 1316 | 14.01 | 1581 | 7.22 U T e P
Dry Density (g/cmd) 175| 181 18| 175
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Prediction of CBR from index properties of soil

Experiment 27.4(CBR)

Penetration data

Ring factor 47.64 N/division

10 Blows 30 Blows 65Blows )
Penetrati | Dial | Load | Dia |Load | Dia |Load ||Z
on(mm) | RDG | (KN) |RDG | (KN) |RDG |(KN) | [T
0 0 0 0 0 0 ol|®
0.64 9| 043 15| 071 25| 119] |2
1.27 19| 091 29| 1.38 4| 210 %
1.91 25| 1.19 42| 2.00 65| 310 |S
2.54 32| 152 53| 252 87| 4.14 g
3.18 42 2.00 65 3.10 107 5.10
3.81 47 2.24 80 381 127 6.05 :
4.45 51 243 91 434 146 6.96 0 254 5.08 7.62 10.16 12.7
5.08 50| 281| 104| 495| 165| 7.86 _
7.62 66| 314| 120| 572| 210 10.00 Penetration (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 152 2.81 11.43 14.05 BLOWS 10 30 65
30 252 4.95 18.93 24.77 Dry density 1.37 152 1.61
65 4.14 7.86 31.07 39.30 Soaked CBR 14.05 24.77 39.30
DENSITY Vs CBR CURVE
185.0
165.0
&
S 145.0
o
m
O 125.0
B
g 105.0
85.0
65.0 { { { f f f f
2.04 2.09 2.14 2.19 2.24 2.29 2.34 2.39
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 28.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 96 11.88 88.12
No.10 128.4 15.88 72.24 A-7-5(10)
No.40 87 10.76 61.48
No.200 87.6 10.84 50.64
Experiment 28.2(Atterberg limit)
Liquid Limit Plastic Limit 51.0
No. of Blows 35 28 22 N 50.0
Container Number A1 | A-12 A-10 A-6 A-8 g —
- ) 49.0 N
Wet Soil +con (9)= (W1) 1782 2023 2154 1325 1899 |§ N
Dry Soil +con(@) =(W2) 146 1608 17.08 1219 1769 |3 480 e
Mass of Con (g) = (W5) 78 75 8 75 11.8 7 47.0
Weight of Moisture (g) 3.92 4.15 4.46 1.06 1.3 § 46.0
Dry Sail () 68 858 908 469 589 10 100
Moisture Content (%) 4735 | 4837 | 49.12 | 2260 | 22.07
LL at 25 blow &Avg. PL 49 2 Number of Blows

Experiment28.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC
Mold + Wet soil
(gm) 9080 | 9279 | 9435 | 9404
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm®) 2124 | 2124 | 2124 | 2124
Wet Soil (gm) 4078 | 4277 | 4433 | 4402
Waet Density (g/cm®) | 1.920 | 2.014 | 2.087 | 2.073
Container No. B-6 B-3 B-1 B-2 B-3
Wet Soil + Con. (g) 1974 182 | 207.2 | 191.9 | 2138
Moisture Dry Soil +Con. (g) 182.1 | 164.6 184 | 166.1 | 199.6
Mass of Con. (g) 332| 298| 332| 258| 331
Mass of Moisture (g) 15.3 174 | 232 | 258 14.2
Dry Soil (g) 148.9 | 134.8 | 150.8 | 140.3 | 166.5
Moistyre cont.
(g/cm 10.28 | 1291 | 1538 | 1839 | 8.53
Dry Density (g/cmd) 174| 178| 181| 175
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Prediction of CBR from index properties of soil

Experiment 28.4(CBR)

Penetration data Ring factor 47.64 N/division
4
10 Blows 30 Blows 65Blows =
Penetrati | Dial | Load | Dia | Load | Dia | Load | |2
on(mm) | RDG | (KN) |RDG | (KN) |RDG | (KN) |[Z
0 0 0 0 0 0 ol L
0.64 11 0.52 14 0.67 17 081 | | & 2 "HL“" o
1.27 16| 076 22| 105 24| 114z [We s i
O — o ‘-""
191 19 0.91 28 1.33 28 1331 o &>
254 21| 100| 31| 148 31| 148]|S ”" ‘
3.18 22| 105 34| 1.62 34| 162|1= 1% | . . .
3.81 23 1.10 36 1.72 37 176 | | = 0 254 5.08 762 10.16 12.7
4.45 25 1.19 39 1.86 40 191 |°>
5.08 28 1.33 43 2.05 43 2.05
7.62 PENETRATION (mm)
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 257 mm 5.08mm
10 1.00 1.33 7.50 6.67 BLOWS 10 30 65
30 1.48 2.05 11.07 10.24 Dry density 151 1.67 177
65 1.48 2.05 11.07 10.24 Soaked CBR 6.67 10.24 10.24
DENSITY Vs CBR CURVE
15.0
13.0
e\i 11.0
@ ) 8
= 5.bl ows=
@)
B 90
I
8 70 g —
10 blows
5.0
3.0 : : : : : : : :
1.50 154 1.58 1.62 1.66 1.70 1.74 1.78 1.82
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 29.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 899.9 35.91 64.09
No.10 165.4 6.60 57.49 A-2-6(1)
No.40 205.8 8.21 49.28
No.200 382.6 15.27 34.01
Experiment 29.2(Atterberg limit)
Liquid Limit Plastic Limit 36.0 a
No. of Blows 3B 28 20 s 350 \
Container Number A-8 A7 A5 A2 A9 |8 340 \
Wet Sail +con (9)=(W1) 1966 1962 2103 1523 118 § 33.0 X
Dry Soil +con(g) =(W2) = 169 1674 1863 1406 1096 |2 350 N\
Massof Con(g) =(Was) ~ gos 801 1182 811 677 |8 310 5
Weight of Moisture (9) 276 288 24 117 084 |3 4,
Dry Soil (g) 884 873 681 59 419 10 100
Moisture Content (%) 3122 3299 3524 1966 20.05
LL at 25 blow & Avg. PL 34 20 Number of Blows

Experiment28.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC

Mold + Wet soil 200

(gm) 9155 | 9389 | 9587 | 9637 :
Density | Mold (gm) 5002 | 5002 | 5002 | 5002

Volume (cm°) 2124 | 2124 | 2124 | 2124 N

Wet Soil (gm) 4153 | 4387 | 4585 | 4635 '

Wet Density (g/cm®) 196 | 207| 216| 218

Container No. B-6 B-3 B-1 B-2 B-13 192

Wet Soil + Con. (g) 257.1| 2187 | 209.6 | 2196 | 262 ;
Moisture Dry Sail +Con. (g) 246.1 | 2065 | 1944 | 1969 | 2544

Mass of Con. (g) 298| 336 | 336 | 29.6| 405 188

Mass of Moisture (g) 11| 122 | 152 | 227 | 16

Dry Sail (g) 216.3 | 172.9 | 160.8 | 167.3 | 213.9

Moistyre cont. 1.84 . .

(g/cm 509 | 7.06 | 9.45| 13,57 | 3.55

3 7 9 11 13 15
Dry Density (g/em°) 186| 193] 1.97| 1.92
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Prediction of CBR from index properties of soil

Experiment 28.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 28
Penetrati | Dial | Load Dial | Load Dial | Load Z o
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) %
0 0 0 0 0 0 0| B s
0.64 14| 067 26| 1.24 83| 395| | 16 S o
1.27 26| 1.24 60| 286| 185| 881 | I=S=2 _
% 12 E ! ==
191 35| 167| 112| 534 265| 1262| (2 8 |
2.54 4| 191| 135| 643| 315| 1501 | =
3.18 46| 219| 160| 7.62| 350 16.67 | |— S ‘
3.81 51| 243| 182| 867| 380| 1810] |5 O | '
4.45 57| 272| 202| 962| 412 1963 |D 0 2.54 5.08 762 1016 127
5.08 62| 295| 221| 1053 | 433| 20.63
7.62 PENETRATION (mm)
CBR Value at Standard Loadsand CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 1.91 2.95 14.28 14.77 BLOWS 10 30 65
30 6.43 10.53 48.21 52.64 Dry density 1.80 1.93 2.06
65 15.01 20.63 112.49 103.14 Soaked CBR 1477 | 5264 | 103.14
DENSITY Vs CBR CURVE
132.0
112.0
S
= 92.0
m
O
3 72.0
®
3 52.0
32.0
12.0 10blows : : : : : :
1.78 1.82 1.86 1.90 1.94 1.98 2.02 2.06 2.10 2.14
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 30.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 431.2 25.07 74.93
No.10 144.1 8.38 66.55 A-7-5(20)
No.40 145.5 8.46 58.09
No.200 114.5 6.66 51.44
Experiment 30.2(Atterberg limit)
Liquid Limit Plastic Limit 65.0
No. of Blows 35 25 15
Container Number D-7 D-3 D-10 | D-5 D-9 63.0
Wet Soil +con (@)= (W1) 386 4257 3876 3529 2969 | \ ;
Dry Soil +con(@) =(W2) | 3524 3781 3524 3433 2849 |& OO0 ==
Massof Con(g) =(Ws) = 2954 2094 2065 3099 2415 |E \“
: . § 590 ®
Weight of Moisture (g) 336 476 352 096 12 |3
Dry Sail (9) 57 787 559 334 434 |3 570
. = B
Moisture Content (%) 5895 6048 6297 2874 2765 |5 gqp 100.00
LL at 25 blow &Avg. PL 60 28.19
Number of Blows
Experiment30.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil
(gm) 8934 | 9191 | 9279 | 9248 1.73
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm®) 2124 | 2124 | 2124 | 2124 8 "'~~....
Wet Sail (gm) 3932 | 4189 | 4277 | 4246 © 169 \
Wet Density (g/cm°) 185| 197| 201| 200 'a \
Container No. B-8 A-1 100 | B-5 I g ~b
Wet Sail + Con. (g) 220 | 2155 | 2048 | 177.1| 2385 | |0 1.65
Moigture |2y Soil +Con. (g) 196.6 | 189.9 | 180.1 | 1532 | 228.7 E
Mass of Con. (g) 28.4 34| 408 | 343| 417 %
Mass of Moisture (g) 234 | 25.6 | 247 | 239 9.8 1.61 & | |
Moistyre cont.
(g/em 13.91 | 16.42 | 17.73 | 20.10 | 5.241
: MOISTURE CONTENT %
Dry Density (g/cm°) 163| 169| 171| 166
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Prediction of CBR from index properties of soil

Experiment 30.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 2
Penetr ati Dia | Load Dia | Load Dial | Load
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN)
0 0 0 0 0 0 0/| £
0.64 4| 019 5| 024 6| 029|| =
1.27 6| 029 10| 048 15| 071 g
1.91 9 0.43 13 0.62 18 0.86 -
2.54 11 0.52 16 0.76 21 1.00 z
3.18 12| 057 17| os1| 23] 110]| 2
381 13 0.62 19 0.91 25 1.19 EE)
4.45 15 0.71 20 0.95 26 1.24 a
5.08 16 0.76 21 1.00 28 1.33 E '
D 0 2.54 5.08 7.62 10.16 12.7
7.62
PENETRATION (mm)
CBR Valueat Standard Loadsand CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57mm 5.08mm 2.57mm 5.08mm
10 0.52 0.76 3.93 3.81 BLOWS 10 30 65
30 0.76 1.00 571 5.00 Dry density 1.58 1.65 1.70
65 1.00 1.33 7.50 6.67 Soaked CBR 3.81 5.00 6.67
DENSITY Vs CBR CURVE
10.0
8.0
65 blov’i/&
6.0 /
S 30 blows-@ - o
o !
3 ' © 10 blows ' —
®
o)
2.0 : : | |
1.55 1.59 1.63 1.67 1.71

Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 31.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 29.5 3.25 96.75
No.10 22.2 2.44 94.31 A-7-5(14)
No.40 26.7 2.94 91.38
N0.200 124.2 13.66 77.71
Experiment 31.2(Atterberg limit)
Liquid Limit Plastic Limit B 50.0 :
No. of Blows 29 23 16 £ 480
Container Number D1 D-8 D6 D2 D4 |E 460 —
Wet Soil +con (9)=(W1) | 3433 | 3568 | 3624 3115 3564 g 44.0
Dry Soil +con(g) = (Wy) 31.02 | 31.92 3246 302 34.77 ; 420
Massof Con(g) =(Ws) = 2315 2336 2426 2458 2908 |05 ‘
. : S 400
Weight of Moisture (g) 3.31 3.76 378 | 095 0.87 :
. : : ; 38.0
Dry Sail (9) 787 856 g2 962 569 1 X
Moisture Content (%) 4206 4393 4610 1690 | 15.29 0 00
LL at 25 blow &Avg. PL 43 16.09 Number of Blows

Experiment31.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil 1 77 S
(gm) 8854 | 9020 | 9157 | 9051
Density | Mold (gm) 5002 | 5002 | 5002 | 5002 g
Volume (cm®) 2124 | 2124 | 2124 | 2124 > 174
Wet Sail (gm) 3852 | 4018 | 4155 | 4049 >
Wet Density (g/cm®) 181| 189| 1.96| 191 D 171
Container No. A-5 -3 | A8 |B-2 AR
Wet Soil + Con. (g) 2144 | 2137 | 1827 ] 2095| 241 | |0
Moisture |-Pry Sail +Con. (g) 2005 | 197.8 | 167.8| 190.1| 233||% 1.68
Mass of Con. (g) 271 | 395| 421| 399| 409
Mass of Moisture (g) 139| 159 | 149 | 194 8 165
Dry Sail () 1734 | 158.3 | 125.7 | 150.2 | 192.1 '
Moistyre cont. 6 9 12 15
(glem 8.02 | 1004 | 11.85| 12.92 | 4.16
: MOISTURE CONTENT %
Dry Density (g/cmd) 168| 172 175| 169
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Prediction of CBR from index properties of soil

Experiment 31.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 2.8
Penetr ati Dia | Load Dia | Load Dia | Load = 24
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||¥ '2
0 0 0 0 0 0 0|8
0.64 3| 014 2| 010 4] oa9||lh 18]
1.27 4| 019 4| 019 5| 0242 12
1.91 5| 024 5| 024 6| 029G o8
2.54 6| 029 6| 029 71 0332 o4 Y
318 6| 029| 7| 033 8| 038]|O g W
3.81 6| 029 7] 033 8| o038 OF ' |
4.45 7 0.33 8 0.38 9 0.43 % 0 2.54 5.08 7.62 10.16 12.7
5.08 7 0.33 8 0.38 10| 0.48
PENETRATION (mm)
7.62
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.29 0.33 2.14 1.67 BLOWS 10 30 65
30 0.29 0.38 2.14 191 Dry density 1.40 152 1.77
65 0.33 0.48 2.50 2.38 Soaked CBR 1.67 1.91 2.38
DENSITY Vs CBR CURVE
2.9
2.7
25
2.3
9
@ 21
S
3 1.9 30 blows 1
% i1 |
8 17 o
10 blows
5 : : : | : | | |
1.38 142 1.46 1.50 154 1.58 1.62 1.66 1.70 1.74 1.78
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 32.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 562.91 52.56 47.44
No.10 68.75 6.42 41.02 A-7-5(20)
No.40 26.89 2.51 38.51
No.200 31 2.89 35.62
Experiment 32.2(Atterberg limit)
Liquid Limit Plastic Limit 65.0 . . . — .
No. of Blows 0 | 25 19 2 a0
Container Number D1 D8 D6 D9 D10 |& '
. c = = ! ! ! t =
Wet Soil +con (9)=(W1) 322 325 3166 1304 1047 |8 61.0 N
Dry Soil +con(g) = (W2) | 2883 2006 288 1207 989 |2 - N @
Massof Con(g) =(Ws) | 2314 2344 2428 81 751 |Z e =
: : = Bee————————
Weight of Moisture (g) 337 344 28 097 058 |= 570 A ===
Dry Sail (9) 569 562 452 397 238 10 100
Moisture Content (%) 59.23 | 6121 6327 2443 2437 N
LL at 25 blow &Avg. PL 61 24.4
Experiment32.3 (M oisture Density Relationship of Sail
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet sail RERRERERRRRERRRRRRRRRRRRRRRRR R RRRRRRRRRRRARRRREL
(am) 8945 | 9060 | 9110 | 9030 157 SEEEEE
Density | Mald (gm) 5002 | 5002 | 5002 | 5002 8 FHHHHH HHHHH
Volume (cm) 2124 | 2124 | 2124 | 2124 S &g LTI
Wet Soil (gm) 3943 4058 4108 4028 E I /’ I \ I
Wet DenS|ty (g/cm‘j) 1.86 1.91 1.93 1.90 7)) LA I I \ I
Container No. 13 28 I E-1 E 153 REEREE RERRRRRARRARRER!
Wet Soil + Con. (q) 151 | 170.2 | 166.3 | 168.4 S e/
Moigture |2y Soil +Con. (g) 130.7 | 1455 | 141.9 | 1421 x 151 g
Mass of Con. (g) 40 42 42 40 !
Mass of Moisture (g) 203 | 247 244 | 26.3 1.49
Dry Sail (g) 90.7 | 1035| 99.9| 1021 '
VP — 21 22 23 24 25 26 27
(g/em 2238 | 2386 | 24.42 | 25.76 U N BT 0
Dry Density (g/cma) 1.52 1.54 1.55 151
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Prediction of CBR from index properties of soil

Experiment 32.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetrati | Dial | Load Dia | Load Dial | Load =
on(mm) | RDG | (KN) | RDG | (KN) |RDG | (KN) |[&
0 0 0 0 0 0 0 CZ)
0.64 1 0.05 2 0.10 3 0.14 5
1.27 2 0.10 3 0.14 4 0.19 o
191 3| o014 4] 019| 5 | 024 ||
2.54 3 0.14 5 0.24 6 0.29 @)
3.18 4] 019 5| 024 6 | 029 ||S
3.81 4] o019 6] 029/ 7 [ 033 ||F - .
4.45 5/ 024 6| 020] 8 | 038 |z 0 2:54w= W5, 08 SN FE7I62 1) = 1011644 1257
5.08 5 0.24 7 0.33 8 0.38
7.62 PENETRATION (mm)
CBR Value at Standard L oads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57mm 5.08mm 2.57mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 1.53 1.66 1.73
65 0.29 0.38 214 191 Soaked CBR 1.19 1.67 191
DENSITY Vs CBR CURVE
2.2
20
65 blow:
= i
S
&
O 16
3
g 1.4
12
1.0 : : : : : :
151 155 159 1.63 1.67 171 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 33.1(Sieve Analysis for classification)

Sieve Size Wt. Retained % Retained | % Pass Soil Classification
No.4 18.17 1.83 98.17
No.10 49.29 4.97 93.19 A-7-6(19)
No.40 57.32 5.78 87.41
No.200 97.86 9.87 7753
Experiment 33.2(Atterberg limit)
Liquid Limit Plastic Limit 63.0 |
No. of Blows 31 25 22 <
Container Number A1 A-10 | A-7 A-3 A-9 £ 61.0
Wet Soil +con (9)=(W1) 1687 17.05 17.06 1324 1034 |E \ :
Dry Soil +con(g) = (W) | 1358 1369 1366 126 978 |9 290 \
Massof Con(g) =(Ws) =~ 783 801 802 914 6.79 E 570 N
Weight of Moisture (g) 329 336 34 064 056 5
Dry Soil (g) 575 568 564 346 299 = 550
Moisture Content (%) 57.22 | 59.15 60.28 1850 1873 10 100
LL at 25 blow & Avg. PL 59 18.60 Number of Blows

Experiment33.3 (M oisture Density Relationship of Soil

Trial No. 1 2 3 4 MOISTURE DENSITY RELATIONS
Mold + Wet soil i U U i
(gm) 8945 | 9060 | 9110 | 9030 157 1 U T il
Dms ty M Old (gm) 5002 5002 5002 5002 8 ...........................
Volume (cm°) 2124 | 2124 | 2124 | 2124 D 1BE o o NG
Wet Soil (gm) 3943 | 4058 | 4108 | 4028 > it i
- 3 e R R AR AR A RNRARRHARARANRANN” (AR RRARARANAUNE) VRARRHARNARNAAN
Wet D_enS|ty (glem®) 1.86 191 | 193 | 190 @ 153 LA
Container No. 13 28 I E-1 | B-14 e i HH
Wet Sail + Con. (g) 151 | 1702 | 166.3 | 1684 | 174 | |D HiH i
- >_ ..........
Moisture |2ry Sail +Con. (g) 130.7 | 1455 | 1419 | 1421 | 158 ||z 151 | il
Mass of Con. (g) 40 42 42 40 43 (6 i [
Mass of Moisture (g) 20.3 | 247 | 244 | 26.3 16 1.49 ML RRRRRRRRRREREaannN ARRAARARAAAANARARES
ar;:o:g(ggm 90.7 | 103.5| 99.9 |102.1| 115 S R P P
(glem 22.38 | 23.86 | 24.42 | 25.76 | 13.91
Dry Density (g/cm°) 152| 154| 155 151 MOISTURE CONTENT %
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Prediction of CBR from index properties of soil

Experiment 33.4(CBR)

Penetration data Ring factor 47.64 N/division
0.6
10 Blows 30 Blows 65Blows
Penetrati | Dial | Load | Diad |Load | Dia |Load ||Z
on(mm) | RDG | (KN) | RDG | (KN) | RDG | (KN) ||
Z
0 0 0 0 0 0 0/|0O
0.64 1] 005 2| 010 3| 014 |b
127 2| o010 3] 014 4] o019] |3
1.91 3| 014 4| 019 5| 024]]|©
2.54 3| o014 5| 024 6] 0292
3.18 4] 019 5| 024 6| 029]|9
3.81 4| 019 6| 0.29 7] 033||E '
4.45 5/ 024 6| 029 8| 0385 762 1016 127
5.08 5| 024 7| 033 8| 0.38
PENETRATION (mm)
7.62
CBR Value at Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 1.53 1.66 1.73
65 0.29 0.38 2.14 1.91 Soaked CBR 1.19 1.67 1.91
DENSITY Vs CBR CURVE
2.2
2.0
65 blow:
1.8
5 1.6
&
O 14
}g =
(8 12 o 10 blows
1.0 } { { t { f
1.51 1.55 1.59 1.63 1.67 171 1.75
Dry density (g/cc)
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Prediction of CBR from index properties of soil

Experiment 34.1(Sieve Analysis for classification)

Sieve Size W1. Retained % Retained | % Pass Sail Classification
No.4 178.98 16.45 83.55
No.10 107.16 9.85 73.70 A-7-6(18)
No.40 144.96 13.32 60.38
N0.200 100.76 9.26 51.12
Experiment 34.2(Atterberg limit)
Liquid Limit Plastic Limit 56.0
No. of Blows 34 25 15 —
Container Number A-4 A7 Al A1l A-10 54.0 \
WetSoil +con (9)=(W1) | 1601 1672 1652 1323 1303 |3 o, =
Dry Soil +con(g) = (W2) 131 1374 1346 124 1219 | & N\
Massof Con(g) =(Ws) 731 802 782 825 801 § 50.0 =5
Weight of Moisture (g) 291 298 306 08 084 |©
Dry Sail (g) 579 572 564 415 418 |§ 4807 |
Moisture Content (%) 5026 5210 54.26 20 2010 |s 10 e o T 100
LL at 25 blow &Avg. PL 52 20.04 Umber jot BIows
Experiment34.3 (M oisture Density Relationship of Soil
Trial No. 1 2 3 4 | NMC MOISTURE DENSITY RELATIONS
Mold + Wet soil TR T TR T T T
(gm) 8945 | 9060 | 9110 | 9030 157
Density | Mold (gm) 5002 | 5002 | 5002 | 5002
Volume (cm®) 2124 | 2124 | 2124 | 2124 8 155 ™
: e \
Wet Soil (gm) 3943 | 4058 | 4108 | 4028 / \
Wet Density (g/cm") 1.86 191 1.93 1.90 i RARRRR/ ARARARRRRARARARAL RAH
Container No. 13| 28] EL |B-14 ||@ 153 TN
Wet Soil + Con. (g) 151 | 170.2 | 1663 | 1684 | 174 ||l \
Moigture |2y Soil +Con. (g) 130.7 | 1455 | 1419| 1421| 158 || 15 &
Mass of Con. (g) 40 42 42 40 43 DD:
Mass of Moisture (g) 203 | 247 244 | 263 16
Dry Sail (g) 90.7 | 1035| 99.9| 1021 | 115 1.49 ' '
Moistyre cont. 21 22 23 24 25 26 27
(g/em 2238 | 23.86 | 2442 | 25.76 | 13.91 BT L TR
Dry Density (g/cm’) 152 | 154| 155| 151
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Prediction of CBR from index properties of soil

Experiment 34.4(CBR)

Penetration data Ring factor 47.64 N/division
10 Blows 30 Blows 65Blows 08 | |
Penetrati | Dial | Load | Dial | Load | Dia | Load i .
on (mm) RDG | (KN) | RDG | (KN) | RDG | (KN) =
0 0 0 0 0] 0 0 < 0.6 /
0.64 1] 005 2| o010| 3 014 | |8 0
1.27 2| 010 3| 014 4 | 019 || 04
1.91 3 0.14 4 0.19 5 0.24 %
2.54 3| 014 5| 024 6 | 029 | [& o
3.18 4 0.19 5 0.24 6 0.29 9(
3.81 4 0.19 6 0.29 7 0.33 9 01 ‘
4.45 5| 024 6| 029 8 | 038 | |k - ' '
508 5 0.24 7 0.33 8 0.38 > 0 254 5.08 7.62 10.16 12.7
- PENETRATION (mm)
7.62
CBR Valueat Standard Loads and CBR Test Summary
blows Load (KN) CBR (%) Dry Density Vs Soaked CBR
2.57 mm 5.08mm 2.57 mm 5.08mm
10 0.14 0.24 1.07 1.19 BLOWS 10 30 65
30 0.24 0.33 1.79 1.67 Dry density 153 1.66 1.73
65 0.29 0.38 2.14 191 Soaked CBR 1.19 1.67 1.91
DENSITY Vs CBR CURVE
2.2
2.0
S 18
o
O
1.6
3
N
<
B 14
1.2 >
© 10 blows
1.0 : : : :
151 155 159 1.63 1.67 171 1.75
Dry density (g/cc)
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