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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

ABSTRACT

The subgeade provides the foundation for the pavement materi al and shauld be well compactedto
utilize its full strength. The subgrade strength is related to the CBR value of sdl. The CBR testis
laborious and time consuming and must always be performed on remolded soilsamples.The CBR
valuesdepend on the type of soil as well as other soil properties. Hence, it is important to
developcorrelations between CBR and indexpropertiesfor the subgrade soils.

In this research work, an attempt has been made to edablish a correlation of CBR values as
function of different index poperties and compaction characteristics of soil specific to Jnka-
Mendir desgn and build road project subgrade soils.

In order to achievethe intended correlations, aseriesof laboratory tests have beenconducted on
forty one soil samples.Basedon thelaboratory testresults,the collectedsoil samplesare categaized
into two groups, namely coarse-grained and fine-grained soils Accordingly, twenty five of the soil
samplesare classified as coarse-grained soilsand the remaining sixteen soil samplesare classified
asfine-grainedsdls.Thisresearch work was doneon twenty three coarse-grained sdlsand fourteen
fine-grained soilswith two control tests forboth of the coarse-grained and fine-grained soils. For
this resaarch work, satistical sotware (SPSS)was employed to investigate the significance of
individual independent vari ables.

Using multiplelinear regression analysesgood correlationswere obtained betweensocaked CBR and
index properties test results for coarse-grained and fine-grained soils with coefficient of
determinations of 0.866 and 0931 respectively. After validating the devdoped correlation with
control testreaults, it was noted that the correlations of CBR valueswith soil index propertiesare

more applicable forpreliminary characterizing of the strength of subgrade soils.
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1. INTRODUCTION

1.1 Background

California bearing ratio (CBR) is performed to determine the shear strength of subgrade soil
which is used for the design of flexible pavement of runways of airfields, hghways,etc. The
subgrade provides thefoundation for the pavement material and should be well compacted to
utilize its full strength. The subgradestrength is related to the CBR value of the soil. The CBRis

a standard and common test presently used in road construction [8].

CBRis actually anindir ect measu e that represents acomparison of the strength of subgrade, sub-
baseand basecourse material to the standard strength of crushed rock or limestone quoted in
percentage values.CBRvalue is inversely proportion al to the thicknessof the pavementlayers. If
the subgrade is stronger, the CBR value is higher, so lesser pavementthicknessis required and
the lower CBRvalue of the subgrade can have a lot of thickness of pavement ascompared tothe
subgrade that has higher CBR value [3]. The factor that affect CBR value of soil are maximum

dry density, optimum moisture content and plastic index, etc.

To get so&ked CBR value of a soil sample, it required around 4 days (96 hours), which makes
CBRtest time taking, costly and relatively requires large effort to conduct the test and it must
always be performed onremolded soil samples. Due to thesedifficulti es, the alternate method
could be to correlate CBR with simpler test results such as soil index properties and
compactions daracteristics. These tests are much economical and rapid than CBR test. This
thesis gives an overview to obtain a corr elation between CBR value with soil index properties

that are suited for Jnka-Mendir desgn and build road project subgrade soil [13].

CQurrently, many road construction projects and railway constructions are undergoing in the
country. In light of this, the output of the proposed prediction will provide road authorities,
railway authaities, consutants and contractors preliminary badkground information on the
value of CBR,for alocdized subgrade material, from soil index propertieswith a benefit of time-

savingand without incurring any additional cost for carrying out laboratory CBR teg.
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1.2 Research Objective
1.2.1 General Objective

The objective of this thesis is 0 develop correlations to predict soaked California Bearing Rato
(CBR) value from soil index properties (i.e. liquid limit, plastic limit, plastic index, plastic product,
plastic modulus and percent passng No200 sieve) and compaction characteristics (i.e. optimum
moisture content, maximum dry density) for representative soil samples recovered from

different localiti es of Jnka-Mendir design and build road project.
1.2.2 Specific Objective

* To establish correlations between California Bearing Ratio and soil index properties.
+ Toidentify soil propertiesthat have a significant influence on the CBRvalues.
+ To identify the model that can best predict CBR values from the index properties and

compaction characteristics of soils.

1.3 Smope of the Sudy

In order to egablish the correlation, forty one laboratory test results are used in this thesis
work. The required correlation is caried out by applying regression analysis with the aid of
PSS Software. Furthermore, the scqe of the developed correlation is limited to the test

procedures fdlowed in the subject research work.

The size of statistical data is the main factor that limits the applicability of the results obtained.
The other limitation would be the location of sample collection. The limitation would be the
location of sol sample. Snce the CBRresult is highly dependent on the moisture contents,
maximum dry density of the material and the fact that the field moisture cortent keeps changing
over time, the applicability will also be limit ed to the areasof the study. This is, therefore, the
results obtained from thesestudies should be applied to the study area and the soil with similar

classificaion with this study area.
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1.4. Thesis Organization

The thesis is organized into seven Chapters. In the first chapter, Ontroductiond the objective of
the thesis is briefly outlined. The second Chapter, Qiiterature rA O E Aprodides a summary of
available information which is used for further experimental development in this research
program. In the third Chapter, (Desciption of the study aread, the study areais briefly described.
In the fourth Chapter, Gnethods,data collection and laboratory tedd, discussions on sample
collection and test results were outlined in detail for the experimental program for achieving the
designated objective. Typical results of the tests are presented. In the fifth Chapter, @orr elation
and regresson analyses were conductedd, the results of the data analyses using the proposed
model are discussedin detail. The sixth Chapter, Jocuseson discussion,validating and evaluating
the obtained corr elationg, the results of the developed corr elation using the proposed model are
discussedin detail. The severth Chapter, O@nmary and conclusion6, summarizes the findings
from this research program and provides conclusion and reconmendations regarding the

direction for future.

1.6 Methodology

In order to achieve theobjectives ofthe sudy the fdlowing methodology were adopted.
+ Different litirature were assessed and reviewed.
+ Satisfactory soil samples were collected from different locations of the road for utilizing
the car elations and laboratory tests corducted.
+ Theindex propertiestests of the soils,compadion characteristics tests and CBRtests are
carried out on sal samples slected from the road.

+ The entire tests were performed acmrding to AASHTO standard specifications and
analysis of the samas performed accordingly.

+ Jatistical regression analyses and correlation were carried out and developed for the
laboratory test result respectively and also the analyzed to fit the test results was
performed.

+ On the basis of the obtained results the discussion and suitability of correlation developed

was evaluated

+ Lastly, the conclusions and recommendations based on the result were done.
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2: LITERATURE REVIEW

2.1 General

Ethiopia is currently undertaking massive infrastructural development (including roads and
railway), urban development & extensive natural resources managementRoads are necessary
for transportation and economic development of a country. In our Country many of the road
network is flexible pavemert. Typical flexible pavement have different layer from top to bottom
suchassurface layer,basecourse,sub-base and subgrade. The strength of subgrade material is
used todesgn flexible pavement. Therefore, California Beaing Ratio (CBR)is one of the most
commonly methodsusedto determine the strength subgrade material. The load transferred from
the pavement surface is not exceeded the elastic limit. Hence, the suitability and stability of
subgrade material are evaluated before construction of pavement. California bearing ratio value

is considered as strength parameter in the design of pavementstructure.

Among thevarious methods of evaluating the subgrade strength, a quick esimate of CBR isvery
important for highway engineer/ geotechnical engineer so a simple test that can be used asan

index test wasdevised.Thus index testisanindirect measu e of stifnessand shear srength.

2.2 Subgrade Sall

Subgrade constitutes the foundation material for the pavement structures as highway
pavements ultimately rest on the native soil (subgrade). Hence, the performance of the
pavement afected by the characteristics of the subgrade. The subgrade properties are
important in the pavement design structure. The main function of the subgrade is to provide
support to the pavement aganst traffic loading and the subgrade used for this purpose should
possesssufficient stability under adverse climate and heavy loading conditions. When soil is
usedin the embankment construction, the stability incompressbility is also an important factor
dueto the differential sdtlement may causefailures.Compacted and stabili zed soil is often used
asa sub baseor base cairse.The soil or subgrade is therefore considered asone of the principal

highway materials [3].
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2.3. Propertiesof Sal

2.3.1 Index Propertiesof Sal

In nature, soil occurs in alarge variety. Engineers are continually searching for simplified tests
that will increase their knowledge of soils by employing a simple and rapid soil test. These
simplified tests which are indicative of the engineering properties of soils are called index
properties [8]. Index properties of cohesve soils are used to characterize the physical and
mechanical behavior of soilsby making useof parameters such as moisture content, specific
gravity, particle size distribution, Atterberg limits, and moisture-density relationships. Such
parameters are useful to classify cdiesve soils and provide corr elations with engineering soil

properties [9].

2.3.2 Natural Moisture Content

Natural moisture cortent is the quantity of water contained in a soil such as theatio of the
weight of water to the weight of solid particlesin a given soil mass expressed in percentagéhe
value of natural moisture content will vary depending on the nature of the soil, climate, and
location of the groundwater table and the location of the soil sample, i.e. at or near the ground
surface,deep in the ground. It is usedto expressits relative consigency or liquidity index. The
moisture content testis carried aut in the laboratory accordance withAASHTO T265 or ASTM D
2216 procedure andin the field accordance withAASHTOT217 procedure.

2.3.3 AtterbergLimits
Basdon their mode of formation and mineralogical composition different soils respond

differently for the samemoisture content. Albert Atterberg, a Svedish Scientist in 1911 gave an
idea of the consigency limit of cahesve soils and proposed a number of tests for defining their
properties.The three Atterberg limits which are the liquid limit, plastic limit, and shrinkagelimits

are theboundary between each ofthe two consecutive states ofthe sal water phases [8].

The liquid limit is defined as the moisture content at which soil begins to behave as a liquid
material and begins to flow on the application of a very small shearing force. Liquid limit is the
moisture content were soil changefrom liquid state to a plastic state, plastic limit is thanoisture
contents were soil changes from a plastic to a semisolid state an&hrinkage Limit is the

moisture content were soil changefrom a semisolid state to a solictate [8].
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Their test is performed only on that portion of a soil which passs the 0.425mm (No.40)

sieve [4]. Adescription of phases ofthe soil-water system is shown with a shiematic diagram in
Table 2 1 TAtterberglimits Table [4]

States Limit Consistency Volume change
Liquid  (Wi) Liquid limit Very soft Decrease in Volume
Plastic (Wp) Plastic Limit soft

Semi Solid (WSs) Very Stiff l

Solid

Shrinkage Limit

Extremely stiff and hard

Constant Volume

2.3.4 Derived Plasticity Parameters
Derived plasticity parameters such as plasticity modulus (PM), plagicity product (PP) and
shrinkage modulus (SM) are used torepresent the effective contribution of the plasticity of the
fines to the performanceof the whole material and they depend on the proportion of finesin the
material [22].

Plasticity modulus (PM) is defined asthe product of plasticity index (PI) and percentages of soll
fraction passng BSNo 40 sieve (i.e., %< 0.425mm): %< 0.425mm = percentages of particle sizes

less than0.425mm
PM=PI x (%< 0.425mm)

Plasticity product (PP) is defined asthe product of plasticity index (PI) and percentages of soil
fraction passng BSNo 200 sieve (i .e., % < 0.075mm): % < 0.075mm= percentagesof particle sizes
less than0.425mm

PM=PI x (%< 0.075mm)

Shrinkagemodulus (M) is defined asthe product of linear shrinkage (LS) and percentages of soil
fraction pasing BSNo 400 sieve (i.e., % <0.425mm):

PM=LSx (%< 0.425mm)

2.3.5 Grain Size Distribution Analysis
Grain sze analysisis aprocess inwhich the proportion of material of each grain sze present in a
given soil is determined. The grain size test is conducted in order to obtaindifferent grain szes
distribution of particles within the soil. It is expressed in terms ofparticles by weight finer than
specified sizes.Gradation (sieve analysis) is carried out for soil particles larger than 0.075mm or

coarser.
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Sedimentation (hydrometer test) is conducted for smaller (finer) soil particlesTwo methodsare

used to determinegrain size distribution: 100 behiru

V Wet Sieve analysisfor acoarsegrained portion of the soil
V  Hydrometer anaysisfor fine-grained portions.
A) A wet sieve analysis (si eve analysis)
For coarse-grained materials, the grain size distribution is determined by passng soil samples
either by wet or dry shaken through a series of sieves placed in order of deaeasing standard
opening sizesand a pan at the bottom of the stock. Thenthe percent passing on each sieveis used
for further identifying the distribution and gradation of different grain sizes[10]. Particle size
analysisteds are caried out in accordancewith AASHTOT-88 and ASTM D422-63.
B) Hydrometer analysis
Thedistribution of different soil particles in agiven soil is determined by a sedimentation process
using a hydrometer test for soil passing 0.075mm sieve ske. For a given cohesve soil havingthe
samemoisture content, as the percentage of finer material or clay content deaeasesthe shear

strength of the sal possibly increases.

2.4 Moisture-Density Relationship

Compaction is one of the most significant components in the construction of roads, airfields,
embankments, and foundations. The durability and stability of most structures depends up on
the achievement of proper soicompaction.Compaction increases the strength characteristics of
soils, which in turn increases the bearing capacity of foundations, decreases the amount of

excessive settlement of structures, and increases the stability of slopes of embankments.

Compactbn characteristics of soils depend up on many factors such as water content of the soils,
amount of compaction energy, soil type andnethod of compaction The moisture content of a
soil affects its dry density [8]. A soil with very low water content is dficult to compress into
close state of particles. This results in higher void ratio and hence lower dry density for the
same compaction effort. On the other hand when the water content increases excessively, the
soil grain tends to move apart and the tal void ratio continues to increase whereas the dry
density falls. However, if the moisture content of the soil is of some intermediate specific value,
the water acts as lubricant causing the soil to soften and become more workable. In this case the
soil grains are close packed thus lowering the void content and increasing the dry density [8].
This specific value of moisture is called optimum water content and the corresponding dry

density termed as maximum dry density.
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The labaatory standard proctor and modified Proctor tests are performed asper (AASHTOT 99
or ASTM D 698) and (AASHT'O T180 or ASTM D 1557) respectively. The tests are performed on
disturbed samplesof soil particles passngsieve sizes4.75mm or 19mm mixedwith water to form
samples at vario us moisture contents ranging from the dry state to wet state. Thesesamples are
compacted in three or five layers at 25 blows or 56 blows per layer in accadance with the
specified nominal compaction energy of standard or modified proctor test respectively. Dry
density is determined based onthe moisture content and the unit weight of compactedsoil. The
corr esponding water content at which the maximum dry density occursis termedasthe optimum

moisture cortent [11].

Grading and Atterberg limits alone arenot sufficient to qualify the performanceof construction
materials since the variation of moisture content and density play a considerablerole. Different
researches show that the moisture content and density conditions have a greater influence, on

the value of ear strength of soil,on coarsermaterials thanfine-grained materials

2.5 Soil dassifications

Soils are widely varied in their grain-size distribution. Also, depending on the type and quantity
of clay minerals present, the plastic properties of soils may be very different. Various types of
engineering works require the identification and classification of soilsin the field. In the design
of foundations and earth retaining structures, construction of highways,and so on, it is necessary
for soilsto be arranged in specific groupsand/or subgroupsbased on their grain-size distribution
and plasticity. The process of placing soils into various groups and/ or subgroups is called soil
classification[8] . dasdfying soilsinto groups with similar behavior, in terms of simple indices,
can provide geotechnical engineers general guidance about engineering properties of the
sails through the acaumulated experience. Soils may be classified as bllows:
V Soil classification based on grain- size

V  Soil classification based on both grain- size and Atterberg limits
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2.6 California Bearing Ratio
The CBR values obtained from either laboratory tests or isitu (field tests) have been
correlated with flexible pavement thickness requirements for highways and airfields. Its
purpose was to provide an assessment of the relative stability of fine crushed rock base
materials. The test has been modified since then and extended to subgrades. It is now widely
used for evaluating the stability or strength of subgrade soil and other flexible pavement
materials for pavement design throughout the world13].
The load is applied by cylindrical metal plunger of 50 mm diameter, the standard penetration
rate used is 1.27mm/minute and readings of the applied loadre taken at appropriate intervals
I £#/ PAT AOOAOGETT jm8uviih p8¢xil jm8uveqqgq Ob OIi
mm 12.7mm.The CBR is then determined by reading off from the curve the load that causes a
penetration of 2.54 mm and5.08mm dividing this value by the standard load (13.34kN)and

20kN required to produce the same penetrationn the standard crushed stone as

CBR = Test loadpenetration in test specimen
Standardpenetration in crushed rock) *100

2.6.1 Test Methods

The California Beaing Ratio ((BR) test can be carried out both in the laboratory and field. The

samples maybe prepared in threedifferent ways. Accordingly,

) The test canbe performed on aremolded sample in the laboratory,
(i) On undisturbed sample carefully extracted from thefield and trimmedto closdy fit the
standard mould in the laboratory and,

(i) An in-situ samplewhich is entirely tested on the field.

2.6.2 Laboratory Testing

The laboratory test of CBR iscarried out in accordance AASHT® 193-63 or ASTMD 1883-73.
The laboratory test can be performed on a remolded sample or on the undisturbed sample.
Remolded samples are preparedrom the values obtained from modified proctor test result
such as optimum moisture content and maximum dry density

While performing laboratory CBR test, load is applied by cylindrical metal plunger of 50 mm
diameter, the standard penetration rateis 1.27mm/minute and readings of the applied load are

taken at appropriate intervals of penetration 0.5mmup to a total penetrationof 12.7mm
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The CBR is then determined by reading off from the curve the load that causes a penetration of
2.54 mm and5.08mm dividing this value by the standard load (13.34kN) and 20kN required to
produce the same penetration in the standard crushed stonmultiplied by 100. The CBR value
ranges from Zero to Hundred. Zero (0) CBR value shows the worst case and hundred (100%)

shows best value

If the CBR at 5.08 mm penetration is greater than that at 2.54mm penetration the entire test
should be repeated on a fresh sample. If the 5.08 mm pen. CBR in the repeat test is still greater,
then it is accepted as the CBR of the sevhere asif the bearing ratio of 2.54 mm is greater than
5.08mm the design bearing ratio is the value at2.54 mm penetration. Atypical labaratory CBR

apparatus is shavnin Figure 2.1.

Figure 2.1 Laboratory CBR Test Apparatus

2.7 Previously Establish ed Correlation Equations
Correlations are very important to egimate engineering property of soils, especially for

preliminary invegigation of projects. Correlations maybe also usedfor projects where there isa

financial limit ation, lack of test equipment and limit ed time [13, 15].

Several invegtigators attempted to develop corr elations for prediction of CBRin terms of either
index properties,compaction characteristics of soil or combination of both for specific region and
soil type. For universally acceted soil classificaion systems such asAmerican Associaion of
Sate Highway and Transportation Officials (AASHTO) and the Unified Soil dassificaion
System (USCS) general relationships were also developed. These corr elation methods guide
general approach and attempt to encompass many possible soil types. The predicted and
experimental values of CBR of various soils hare been used to check the applicability and

limit ation ofavailable methads[21].
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2.7.1 Typical Values Based on the Unifi ed Soil Classific ation System

The simplest approachto appropriate the CBRvaluesfor soil centers on typical valuesassocated
with soil classificaion. The Unified Soil Qassification System is a standardized technique for
classifying soilsfor engineering purposes[10]. Within this system, soils are classified based on
the distribution of their grain sizesand the plasticity characteristics of the cohesve material such
as liquid limit, plasticity index. The Uhified Soil Qassification (USC) system, soils are divided in
three categories; coarsegrained (either gravel or sand), finegrained (either silt or clay) and
highly organic soils and it shall be used when precise classificon is required. The USCSystem
usesto represent the soil types, synbols and the index properties of the sdl are shovn under
Table2.2.

Table 2.2 Unified Soil Classification System Symbol and Index Propertig3]

Soil Type Symbol | Symbol Index Property

Gravel G W Well-Graded (for grain size
Sand S distribution)

Silt M P Poorly-Graded

Jay C

Organic Slts and Qay 0] L Low to Medium plasticity
Highly Organic Soil and Peat | Pt H High Plasticity

Soil groups are developed by combining symbols for two categories listed in Table 2.2, such as
GW,9V, and soforth.

Guidelines for choosing CBRvaluesbased solely on USCSsoil type are found throughout different
literature. A variety of USCS classsoils are assocated with a range of CBR values by different
researchers and research institutes. A summary of reported valuesfrom several of these sources
is shown in Table 2.3. Geerally, these are consigent for each soil type, with minor differences
among the reported values. Part of this variation may be due to the fact that some refer to
compacted soils,others refer to field-measued CBR values, while some do not specify test

conditions [5].
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Table 2 3: Typical CaliforniaBearing Ratio Vadues by UES[5]

USG Soil USACE, US Yoder & USArmy, Air Rollings & | NCHRP*
Type Army and Witczalk Force and Navy Rollings
Air Farce and PCA

GW 407 80 607 80 607 80 607 80 607 80
GP 30760 35760 25760 35760 35760
GM 20760 402780 20z 80 407 80 30780
GC 20740 20740 20z 40 20-40 20z 40
SW 20740 20740 20740 20-50 20z 40
SP 10z 40 15z 25 10z 25 10-25 15730
SM 10z 40 20740 10z 40 20-40 20740
SC 5220 10z 20 10z 20 10-20 10z 20
ML 15 or less 5715 5715 5715 8716
Cl 15 or less 5215 5715 5715 5715
OL 5or less 478 478 478 --
MH 10 or less 478 478 478 2-8
CH 15 or less 3725 3725 325 1-5
OH 5 or less 325 3725 325 --

Pt -- -- -- <1 --
CL-ML -- -- -- -- --
GW-GM -- -- -- -- 35-70
GW-GC -- -- -- -- 20-60
GRGM -- -- -- -- 25-60
GRGC -- -- -- -- 20-50
GGGM -- -- -- --

SW-SM -- -- -- -- 15730
SW-SC -- -- -- -- 10z 25
SP-SM -- -- -- -- 15730
SP-SC -- -- -- -- 10z 25
SC-SM -- -- -- -- --

2.7.2 National Cooper ative Highway Research Program [2001]

The National Cooperative Highway Research Program of the United Sates of America through
Mechanstic-Empirical Design Guideand Rehabilitated Pavement Structurehad developed
correlations that describesthe relation among soil index propertiesand CBRvaluesbased on a
simple regresson approach. Separate relationships were determined for coarse-grained soils

that exhibit non-cohesve behavior (GW, GP,SW, and SP) and for soils with morethan 12 percent

finesthat exhibit plagic behavior (GM,GC, SV, SCML, MH, CL, and CH) [14].

The CBRvalueswere seleded by doosing arerage values for each USCS soil type based upon

sourcesthat provide typical CBR values by classification, asillustrated in the previous section.
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The index property values were seleded by examining the USCS classification criteria for each
soil type and choosing a typical value for that USCS soil type. The percent passng sieve number
200 and the plasticity index parameters were combined into a composite index called the
weighted plasticity index (plastic product) [3]. This term, denoted by wPlI, isdefined as siown in
equation (2.1).

wPI =(Percent passng No.200 Seve) x (Plasticity Index) = P200 x PI (2.1)

For the clean, coarse-grained, non-plastic soilswhere wPI =0, the CBRwere correlated with D60.
The beg-fitted equation proposed by NCHRP for clean, coarse-grained soil provides the

following prediction relationship:

5 (if D60 S0.01mm)
CBR= 28.09(D60)0-358 (if 0.01mm < D60 < 30mm) (2.2)
95 DgdE 1 30mm)

Where: - D 60 Diameter of the cumulative sizedistribution 60% of particles arefiner (mm)
- P200 Percent pasdng (finer than) the number 200 sieve sze (in decimal form)
For the secondgroup of soils that exhibit plastic behavor, a different corr elation for CBR was
determined. In caseswhere the soil hasfine content, percent passng sieve No. 200 greater than
twelve percent and the weighted plasticity index (wPI) valueis different from zero, the prediction

equation will be:
75

CBR=——"" (2.3)

1+0.728(wPI)

Where: - wPI Weighted Plasticity Index

- PI Plastcity index (in percent)
The coefficient of determination R?, values of the above stated two equations were reported as
0.84 for the coarse-grained materials of equation (2.2) and 0.67 for the fine grained materials of
equation (2.3) [14].

2.7.3 Correlation Specific to a Region and Sal Type

Now days,many attempts to correlating the Califarnia Bearing Ratio with index properties for a
specific region and soil type has beefiound in different literatu re. The under liged published
correlations regarding to corr elate the CBR value of a given soilwith its index properties of

specificlocation and soil type.
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Corr elations of CBR with different index properties have been made by different researchers.
However, the validity and applicability of such correlations need to be esablished for their
acceptance in general practices.The predicted and experimental values of (BBR ofvarious soils

have been usedto checkthe applicability and limitation of available methods.

The model developed from simple multi ple regresson analysis recently developed by different

invegigatorsasCBRs=f (F,S G,LL,PL, MDD, and OMC)and atypical Model equation is asfollows.

CBRs=0.064F+0.082S+0.033G-0.069LL+0.157PL-1.810MDD-0.016 0MC (2.4)
From the above developed correlation equation (2.4) e CBR values were predicted. The
predicted CBR values and experimental CBR value are close to each ather. The developed
Correlations are very important to estimate engneering property of soils, especially for
preliminary investigation of projects and rapid method of determining CBR value of the

subgrade soil [17].

The correlation developed ®\garwal and Ghanekar is defined as follows:
CBR = 2- 16Log (OMC) + 0.07LL (2.5

Where: -OMC Optimum Moisture Content of the soil
-LL Liquid Limit of the soill

The 48 soil samples tested by them had CBR values not more than 9% and the standard deviation
obtained was 1.8. Hence, they suggested that the correlation is only of sufficient accuracy for
preliminary identification of material. They also recommended that this correlation may be of more

use of derived for specific geological regions [14].

A correlation of CBR with plasticity and grading using the concept of suitably index was developed
by de GraftJohnson and Bhatia (1969) on the Ghana lattc soil. In this case, the relationship

between CBR and suitabilityndex is shown as follows [14]

CBR = (35*Sl) 8 (2.6)

Sl =AJLL LogP) (2.7)
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Leliso Y. [10]:- The suitable correlation between CBR values and index properties of subgrade
soils in the Northern, North-East and North-West parts of Addis Ababa was carried by Leliso Y.
[10]. The previousresearch [10] performed his research on 42 samples of fine-grained soils found
in Addis Ababa, on the bass of which he has developed acorr elation between CBR values and
index properties. For the developed carelation the single regresson analysis and multiple
regresson analysis are performed. From the developed single regresson model by theresearcher,
based on the codfficient of determination (R?), CBRvalues corr elates relatively better with liquid

limit than the plasticity index.

CBR=16.27-0.179*LL, with R2=0.458, N=42 (2.8)

From the multi ple regresson model developedby the researcher, on the basis ofthe coefficient
of determination (R2), CBR values of a given soilrelatively better correlation with combined
maximum dry density, liquid limit and plastic index,. From the researcher® findings, Model C
indicated that the relationship developed between CBR with LL, PL, and MDD is moderately

corr elated than all the rest of the model.

CBR=-21.734-0.190*LL-0.137*PL+20.244*MDD, With R2 =0.629, N=42 (2.9)

Bekele A [21]: The suitable corr elation between CBRvaluesand index propertiesof the Sulultan

Town soils was caried by Bekele A. [21]. The researcher performed his research using 31
samples of laboratory test resultsof fine-grained soils, the soil samplescollected from different
locations in Sululta Town. The soils samples categorized into red and bladk/ gray clay soils
depending on laboratory test resultsand the correlations were done independently for two
categories. Usng the obtained Thirty one test results a single and multi ple regressons model
were performed and acorrelation wasdeveloped that predicts CBRvalue on the basisPP2oo, LL,
and LI.
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Among Thirty one soil samples, eighteen of the soil samples are classified as Red chy soils and
the remaining nine samples are classified as bladk/ gray clay soils. His research work is done on
eighteen red clay soilsand nine black/ gray clay soils with two control tests for both of the red

clay and black/ gray clay soils.

From the results of linear and multi ple regression analysis, an improved corr elation of multiple
regressons thansingle regresson isobtained as given below:
OBR=-0.050LL - 0.50LI +0.021PP>00 + 4,625 R2=0.319 N=18 (for redclay)  (2.7)
CBR=-0.049LL - 0.910LI - 0.015PP200+ 0.46PP200+8.205
R2=0.720 N=9 (for Black/Gray clay) (2.8)

Based oncritical observation the previous researcher hasdone corr elations of CBRwith index
propertiesfor fine grained soils,and the current research tried to fill a gap of research similarly

on fine-grained and coar se-grained soils offorty one samples inthe sudy areain our country.

16|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

3. DESQRIPTION OF STUDY AREA

3.1 Location of Study Area

The location of the study area of the road project is entirely located in the Southern parts of
Ethiopia, SNNP regional statesouth Omo Zone, South Ari Wereda. It starts at Jnka town
(E=232231,N=638234) and ends at Mendir village(E=221822,N=661068) and is part of the dnka
Z Hana road which links the existing Sodo-Arbaminch-Jnka and Sodo-Sawla-Laska Salayish-
(Hana)-Omo Roads.

The first secton of the road from Jdnka town to Tolta village is part of the existing DS6standard
gravel roadthat connects dnka town (administrative seat for South Omo zone) with Laskatown
(administrative seat for neighboring Ba&eto woreda) while the secion between Tolta and
Mendir village is arecently constructed URRAProad. The purposeof the roadprojectis to provide
fully upgraded asphalt conaete standard road that will connect dJnka town with Minder vill age
and provide accessto villages and large rural settlement areasin between these towns. It also
serves the traffic that transports sugar from Kuraz Sugar Factories to the central parts of the
country. The project road provides accessto towns and villages along the project road such as

Jnka town, Yetnebershvillage, Gazer town, Mitsir town, Tolta town and Mendir village.
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3.2.2 Temperature

Monthly maximum and minimum temperature recarded datain the vicinity of the project route,
at Jnka Town are presented in the following tables.

35.0
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O 25.0
o
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2 20.0
©
‘é 15.0
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— 10.0
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0.0
Jan. Mar.  Apr. May  un. . Nov.
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Figure 3.2: Maximum and Minimum Temperature at Jnka[19]

3.2.3 Rainfall

The temperature of the study areanormally varies from warm to moderately cdd (cool) in most
of the times of the year depending onthe elevation differencebetween the sections of the road.

The maximum mean monthly rainfall occurs in the project area in the months of April and
October.
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Figure 3.3: Mean Monthly Rainfall of the Project Area[19]
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4. METHODS,DATA GOLLECTION, AND LABORATORY TESTS

4.1 General

Detailed site survey and invegigation works have been conducted to assessthe overall condition
of the project road corridor and to callect the relevant information required for the target
analysis. The site investigation is mainly required to determine the physical characteristics of
alignment soil for road construction. The detailed field investigation work of the road project
includes the soil extension survey and sampling of existing subgrade material for appropriate

testing [3].
4.2 Sample Collection

To determine the engineering propertiesand target analysis, laboratory tests were conducted on
soil samples obtained from different locations along the road alignment of the Jnka-Mendir
desgn and build road project. In order to have suficient and reliable data for the target analysis
representative disturbed samples were collected by digging test pits alongthe road alignment,
the depth of excavation was dependent on the existing cordition of the ground. In some places,
boulder is encountered and in other places the projects alreadyhave been excavated, on average
the sample was taken at the appropriate level of the subgrade which means below 1.2m and

desgned subgrade level.

A total of forty one disturbed sanples were gathered within a reasonable sampling interval on
the bads of soil extension survey, visual identification of suitable subgrade soil and the

litholo gical sal formations and properly logged.

4.3 Laboratory Test Methods
Samples of the materials retrieved from the road project were transported to Bocumar Camp

Laboratory found at Jnka Town. The Bocumar Camp of Jnka Town laboratory is constructed for
Jnka-Minder desgn and build road project for the joint material testing laboratory of United
Consulting Engineers Plc. (UNICONE) is the supervision consutant and Ethiopian Construction
Works Corporation (ECWC) is the Contractor. All laboratory tests on the forty one sampleswere
conducted at the Bokumar Camp laboratory. All tests conducted during my stay on monthly bass

site visits onthe above mentioned road projects by representing ERAas counterpart engineer to
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monitor and manage the project and parti esto each contract to ensurethat it realizesthe projects
as conceved and ensure that the engineer supervises the works in accordancewith the contract.

The fdlowing tests were corducted on existing subgrade soil sanples asindicated in Table4.1.

Table 4.1: Laboratory TestDescription andProcedure Used

TEST DESQRIPTION TEST PROCEDURE
LiQuipLimIT AASHIOT-89
PLAsTiICcLIMIT AASHTOT-90
SEVE ANALYSS AASHIOT-88
MOISTURE DENSITY RELATIONSHPS AASHTOT-180
CBR (MODIFIED, 4 DAYS SOAKINGWITH 4.5KGHAMMER) AASHTOT-193

4.4 Laboratory Test Resultsand Interpretation

The above conventional tests were conducted on the forty one soil samples during my stay on
monthly bass site visits on the above mentioned road projects by representing ERA as
counterpart engineer and arange of test results achieved. Usng the Atterberglimit and grain size
analysis test results, the soil samples are classified asfine-grained soil and coar se-grained soil in
accadance with AASHTO soil classificaion system. This system is generally used for

classificaion of subgrade sois for the highway pavemerts.

Among forty one soil samples,twenty five of the soil samples are classified ascoarsegrained soils
and the remaining sixteen samples are classifiedas finegrained soils. This research work is done
on twenty three coarse grained soils and fourteen fine grained soils with two control tests for

both of the coasegrained and fine grained solls.

In accadancewith AASHTOsoil classificaion, the soil ismainly classified asA-2-7, A-7-5,A-4 and
also pursuantto USCS classification system about 30 samples have been classifiedas SV and the
remaining soils classified as MH, CH, SC, and CL. Qut of the threegroups of AASHT Oclassificaion,
A-2-7 comprise 61% of the subgrade material (the largest proportion) which is followed by A-7-
5 and A-4 materials which constituent 34.1% and 4.9% of the subgrade soil repectively.

From the conventional Atterberg limit tests,the variation of plasticity index (PI) and liquid limit
(LL) alongthe projectroadare presentedin Table4.6. It canbe seen from the table that the values

of Plrange from 8% to 30%, while that of the Liquid limit range from 24% to 73%.

20|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Compaction testswere carr ied out for all soil samples collected from the site. Thetest wascarried
out in accadance with AASHTO T180. The maximum dry density (MDD) value along the
alignment ranges between 1.33 g/cm?3 to 1.97 g/cm 2 and the optimum moisture content (OMQ)

along theroad alignment varies from 10.3% to 33.5%.

Soaked CBRtests were carried out on disturbed soil samples recovered from the pits along the
roadalignment to determine the shearstrength of the sub-grade material. Three-point CBRswere
undertaken in accadance with AASHTO T-193 to determine the variation of subgrade strength
with increasing compaction effort. The CBRvalues at $% of MDD alongthe road alignment vary
between 3.2% to 23.8%. 75.61% of the CBR values were greater than or equal to 5% and the
remaining 24.39% of the CBRvalueswere lessthan 5%. This implies that the majority of the road

section hasa subgade class of S354, and b as per the ERAsubgrade class.

For the purpose of illustration and ease of reference, typical test results of soil samples are
presented hereunder from Figures 41 to 4.4 and Table4.2t0 4.5.
Table 4.2: Typical Sdl Cansistency Test Result

Description 1.1LL 1.2PL
Blows No. 33 28 23 20
CanNo. 12 16 22 93 22.00 96.00
Wit. of Can+ Wet Sdl (g) = (W1) 50.10 | 49.10 43.80 46.40 25.00 25.60
Wit. of Can+ Dry Sdl (g) = (W2) 41.00 | 40.20 35.03 36.70 23.45 23.75
Wt. of Can(g) = (W3) 23.20 | 23.80 19.10 19.70 19.10 18.70
Wt. of Moisture(g) =(W1-W2)=A 9.10 8.90 8.77 9.70 1.55 1.85
Wt. of Dry Soil (g)= (W2-W3) =B 17.80 | 16.40 15.93 17.00 4.35 5.05
W (%) = (A/ B)x 100 51.12 | 54.27 | 55.05 57.06 35.63 36.63
1.3 Pl =LL-PL=54-36=18
How Qurve

g 63.0

*g 60.0

O 57.0 \f\

LS 54.0

-]

*(z 51.0

= 48.0

>

45.0 10 100
Number of Blows

Figure 4.1: Typical Liquid Limit Plot (Flow Qurve)
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Table 4.3 Typical Moisture Density Relationship of Soil

TRIAL NUMBER 1 2 3 4
Wt. of Soit- MOULD (g) Wi 8640.0 | 9020.0 | 9285.0 | 9120.0
Wt. of MOWD (9) Wa 4960 | 4960 | 4960 | 4960
= Vol.of MOULD  (Gm3) V 2124 | 2124 | 2124 | 2124
2 Wt. of wet Soil  (g) W = Wi-W2 3680 | 4060 | 4,325 | 4,160
a WETDENSITYOFSAQL  (g/Gm3) Wq = Wa/V 173 191 2.04 1.96 NMC
1.3.2 Moisture Content and Dry Density Determination
Can No. Y w K J X
WETSAL +Can () a 250.1 | 2328 |2359 |2224 | 2187
DRYSAL+Can (q) b 230.1 | 2086 | 2037 |1880 | 2140
W Wt. of Can (9) c 26.0 28.4 229 28.4 28.9
) Wt. of Water (9) d=ab 20.0 24.2 322
g Wt. of Dry Soail (9) e=b-c 2041 | 1802 | 1808 | 1596 | 185.1
s w (%) m= (d/ e)*100 9.80 1343 | 1781 | 2155 |254
DRY DENSITY (g/Cm3) Dg=Wa/ (100+m)*100 158 1.69 173 161
o S — e~
L1732) ~
> N\
~ N
/ 17.0
{4
Figure 4.2: Typical Density vs.Moisture Content Relationship Plot
Table 4.4: Typical Penetration Test Data
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) | DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
0.64 10.0 0.169 32.0 0.542 |52.0 0.880
1.27 17.0 0.288 60.0 1.016 | 89.0 1.507
1.91 22.0 0.372 83.0 1.405 120.0 2.032
2.54 26.0 0.440 100.0 1.693 143.0 2.421
3.18 29.0 0.491 115.0 1.947 160.0 2.709
3.81 32.0 0.542 123.0 2.082 174.0 2.946
4.45 35.0 0.593 133.0 2.252 188.0 3.183
5.08 37.0 0.626 138.0 2.336 | 202.0 3.420
6.35 41.0 0.694 145.0 2.455 | 213.0 3.606
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= e e —X 108
@" . J ﬁ J
Figure 4. 3: Typical Penetration Load vs.Penetration Depth Plot
Table 4.5: Typical Density versus (BR Values
0
BLow | DD LOAD (Kg)08 gtgzdard Load (KN) g:BSIz (% “os CBR
S (g/em3) | 254mm | ' 5.08 mm alihi (%)
mm mm m mm
10 1.47 044 0.63 13.40 20.00 3.3 3.1 3.3
30 1.70 1.69 2.34 13.40 20.00 12.7 117 12.7
65 1.73 242 342 13.40 20.00 18.1 171 18.1

Figure 4.4: Typical Density vs.CBRPlot

The tests are corducted and the results are analyzed with respect to AASHTO Sandard
Specification and USCS. The details of all the laboratory test results of the forty one soil samples
and related calaulations including graphs have been summarized and presented under Appendix
Cofthis thesis.

4.5 Summary of Laboratory Test Results

For the required analyze, the test results were collected, compiled and summarizedin Table
herein under.
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Table 4.6: SummarizedLaboratory TestResults

Grain Size Analysis Atterberg [Soil Modifi ed
. o L CBRTest
Percent Passing (%) Limits Classification Proctor Test
Load in |Load in |CBR at
S No,| Sati on _
2.00 0475 |0.075|LL | PL| PI | AASHTO | USCS | MDD | OMC | No.of | Density | (MPa) | (MPa) at | 95%
mm | mm mm | (%) | (%) | ()| Qass. | dass | @/c) | (%)| Blows| (9/cc)|at 2.54 | 5.08 MDD (%)
10 147 3.30 313
1 1+500 93 589 |1986| 54 | 39 | 15 | A-2-7(0) M (1732 17 30 1.70 12.69 11.68
65 173 1815 1710 103
10 153 393 364
2+500 95 475 12 44 | 30 | 14 | A-2-7(0) SM | 181 | 136 | 3¢ 17 15.99 1558
2 65 786 3312 3259 147
10 1.33 368 3.39
3+000 97 78 68 | 56 |43 |13 | A7-5(9) | MH | 151 | 25 [ 30 15000 1117 957
3 65 | 15 2551 2015 (64
10 171 6.85 6.09
4+000 97 91 53 | 24 |16 | 8 | A-4(4) CL | 197 | 103 [ 30 189 25 2540
4 65 198 3376 3344 238
10 161 431 432
5+500 98 | 628 36 |34 25| 9 | A-4(0) SC | 188 | 13 [ =3g 175 1586 1507
5 65 189 2056 2032 173
10 1.36 431 3.39
7+000 98 | 855 62 | 60 |37 23| A7-5(9) | MH | 153 | 24 [ 3g 150 1003 931
6 65 150 2018 1896 7
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~ |Load at |Load at CBR
S No. | Sample 2.00 | 0475 |0075|LL | PL | PI | AASHTO |USCS | MDD | oMC | No. of | Density
. 254 | 508 |at 95%
Code mm | mm mm | (%) | (%) | (%)| dass. | dass. | (9/cc) (%) | Blows| (9/cc)
mm mm MDD
10 116 203 212
8+000 998 | 746 | 51 |59 | 44 |15 | A75(7) | MH | 144 | 31 [3g 133 =53 11
! 65 146 1574 1287 o8
10 134 419 415
9+000 98 92 73 55 | 30 | 25 | A-7-5(10) | CH 161 (218 | 30 151 8.00 796
8 65 160 8.88 ggo 810
10 127 279 237
10+000 98 | 916 | 74 | 72 | 42 | 30 |A75(14)| MH | 151 |307 [ 30 141 3.05 279
° 65 145 343 313 32°
10 133 343 381
11+000 100 93 43 62 | 39 | 23 | A-7-5(5) SM 144 | 283 | 30 1.46 508 6.01
10 65 154 571 6o4 389
10 133 343 3.39
124000 100 | 75 | 30 | 62 |41 |21 | A27(2) | SM | 148 | 28 [ 30 146 Z 08 401
11 65 154 571 5g4 492
10 113 324 313
124500 93 | 76 | 22 |60 |42 |18| A27(1) | SM | 138 | 335 3g 126 c 77 E 76
12 65 139 6.28 609 ©13
10 133 343 3.39
i 13+000 99 | 608 | 19 | 70 | 45 |25 | A2-7(1) | SM | 144 | 295 35 176 =08 499 503
65 154 571 550
10 113 3.05 3.05
14+000 99 | 51 | 18 | 66 | 49 |17 | A2-7(0) | SM | 141 | 329 [ 30 129 5.09 501
14 65 139 850 855 (20
10 115 247 237
144500 98 | 744 | 33 | 65 | 46 |19 | A27(2) | SM | 145 | 29 [ 30 133 2189 183
15 65 143 6.03 584 °44
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~ | Load at |Load at CBR
S No. | sample 200 | 0475 |0075|LL |PL | PI | AASHTO |USCS | MDD | oMc | No. of | Density
. 254 508 |at 95%
Code mm | mm mm | (%) | (%) | (%)| dass. | dass.| (9/cc) (%) | Blows| (9/cc)
mm mm MDD
10 132 2.92 254
15+000 04 | 73 | 52 | 65 |41 |24 |AT-511)| MH | 15 | 21 [ 30 151 381 339
16 65 157 558 525 331
10 132 3.68 364
16+000 95 | 77 | 49 |54 |39 |15|A7-5(5)| SM | 152 |256 [ 39 143 300 Z 62
17 65 162 9.65 931 81
10 128 267 254
17+000 99 80.8 61 65 | 48 | 17 | A-7-5(12) | MH 14 295 130 144 431 415
18 65 148 546 499 32
10 133 419 3.89
20+000 87 | 60 | 30 |55 |36 |19 A27(1) | SM | 149 | 238 30 146 546 ca4
19 65 154 6.09 677 °
10 120 381 372
24+000 88 | 602 | 20 | 54 | 42 [12 | A2-7(0) | SM | 147 | 246 3 137 236 796 52
20 . . . |
65 149 8.88 863
10 1.20 3.05 3.05
25+000 92 | 628 | 33 |48 | 33 | 15| A2-7(1) | SM | 136 | 294 [3g 130 08 508 .
21 65 136 6.09 503
10 133 3.05 3.05
25+500 88 | 676 | 28 |51 |36 (15| A2-7(1) | SM | 157 | 196 [3g 147 863 855
22 65 | 15 952 948
10 133 4.89 438
26+000 96 | 868 | 56 | 59 | 37 |22 |A7-5(11)| MH | 155 |221 30 | 14 60 =38
23 65 154 849 gaa O
10 128 3.30 322
y 29+000 oL | 66 | 24 |59 |43 |16 | A27(1) | SM | 153 |218 3, a8 46 542 ¢,
65 154 50R 584 '
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~ |Load at | Load at CBR
S. No. Sample 200 (0475 |0075|LL |PL | PI | AASHTO | USCS | MDD OMC | No. of | Density
. 254 | 508 |at 95%
Code mm | mm mm | (%) | (%) | (%)| CQdass. | dass. | (@/cc) (%) | Blows| (g/cc)
mm mm MDD
25 10 128 343 322
29+500 93 65 21 61 | 37 | 24 | A-2-7(1) SM 153 | 205 3¢ 1.46 558 542
65 149 774 745 ©°96
10 136 355 356
30+000 94 58.6 26 63 | 42 | 21 | A-2-7(1) SM 151 25 30 147 558 550
26 65 153 736 720 494
10 117 1.90 178
30+500 92 70 43 73 | 52 | 21 | A-7-5(6) SM 133 | 335 30 131 495 474
27 65 140 546 533 39
10 122 355 364
31+000 98 | 60 | 14 |64 |42 | 22| A27(0) | SM | 151 | 266 [ 39 1Al 338 838
28 65 150 926 914 ©°
10 134 528 472
31+500 92 | 65 | 16 |42 |29 |13| A27(0) | SM | 15 | 25 [3g 129 991 854
29 65 153 10.68 oaa 07
10 107 254 279
33+000 01 | 42 | 15 |58 |40 |18| A27(0) | SM | 1487 | 22 30 115 5.00 - 62
30 65 144 9.65 931 90
10 115 254 254
34+000 98 | 954 | 57 | 62 |52 |10 | A75(7) | MH | 1457 | 237 [ 39 137 901 5.06
31 65 146 1041 103 9.23
10 136 3.03 3.08
34+500 04 | 641 | 21 |68 |53 |15| A27(0) | SM | 147 | 296 [ 39 143 838 813
32 65 160 9.90 9g2 682
10 133 343 3.39
35+000 99 | 893 | 29 |57 |30 |27 | A27(3) | SC | 144 | 277 [ 39 146 £ 08 201
33 65 154 571 584 4.5
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~ |Load at |Load at CBR
S. No. Sample 200 | 0475 [0.075|LL |PL | PI | AASHTO |USCS | MDD OMC | No. of | Density
. 254 |5.08 at 95%
Code mm | mm mm | (%) | (%) | (%)| dass. | dass. | (9/cc) (%) | Blows| (9/cc)
mm mm MDD
10 131 2.60 250
35+500 100 | 691 | 21 | 48 | 38 | 10 | A2:5(0) | SM | 166 | 192 [ 3g 152 1060 969
34 65 162] 1339 1206 129
10 126 343 330
36+000 92 | 56 | 12 |54 | 39 | 15| A2-7(0) | SM | 154 | 229 [ 30 143 5383 821
35 65 151 1180 1160 °9°
10 119 228 229
37+000 | 90.4 | 51 | 21 | 64 | 41 |23 | A2-7(1) | SM | 1498 | 23 [ 30 133 520 508
36 65 146 6.22 601 °7°
10 123 247 233
37+500 93 | 55 | 19 |64 | 45 |19 | A-2-7(0) | SM | 1503 | 23 [3g 139 E oL 287
37 65 146 571 554 >4
10 1.20 23 21
39+000 95 | 754 | 38 | 72 | 45 |27 | A7-5(5) | SM | 1516 | 275 39 | 13 18 27 e,
38 65 145 55 54
10 128 355 3.39
0 39+500 96 | 662 | 50 | 61 | 45 |16 | A-7-5(7) | SM | 1547 | 265 [ 30 146 508 686
65 | 15 76 753 1
10 131 4.06 415
40+000 96 | 76 | 30 | 65 | 44 | 21| A2-7(2) | SM | 1467 | 28 39 140 635 618 .
40 65 150 8.25 7700 >
10 135 317 330 875
41+000 96 | 728 | 27 |50 | 38 |12 | A-2-7(0) | SM | 159 |228| 3, 148 85 296
41 65 158 8.88 8.63

28 |Page




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

5. DATA ANALYSISAND GORRELATION

5.1. Introduction

Many problemsin engineering and science involve exploring the relationships between two or
more vaiables. Regression analysis is oneof the statistical method that is convenient for these
types of problemsand also used to modeling and investigating the relationship betweetwo or
more variables Regesdon analysisis concerned with the procedure how the valuesof Y depend
on the corresponding values of X.Y,whose value is to be predicted, is known as dependent
variable and X,which is usedin predictingthe value of dependent variable, is called independent
variable. A regresson model containing one independent variable is termed as a simple
regresson model. Alternatively, the regression model that contain two or more

regressor/predictor variable is known asmultiple regresson models.

A number of techniques can be used to indicate the adequacy of a multiple regression model,
some of these are standard error and the coefficient of regression (R2) values. The standard

error of a statistic gives some idea about the predsn of an estimate

In this study, CBR valuare the dependent variables whereashe LL, PLPI, MDD, OMC, PP and

PM are regressovpredictor variables. To carry out satistical analysis, Microsoftexceland SPSS

were used. A total of forty onenumbers of samples are used in correlatingCBRwith LL, PL,PI,

MDD, OMC, PP and PMI A OE@ 1 O1 AAOO 1T &£ OAiI i A0 AOA OOAA
While caring out the statistical analysis different regression models are used and those models

with a higher value of coefficient of determination are accepted

5.2. Data Analysis Methods
There are many methods that one can be used to check the validity of the relationships betw een

two or more variables[20]. However, in this study two common methods are used,namely: scater
plot using Microsoft excel and regresson anaysis using SPSSBefore the application of the analysis

methods,some important terms a e discussedbelow.

1. Level of significance: The probability of making an error to reject a hypothesis while it
happensto betrueis called the level of significance.In practice, it is customary to usea 5% level
of significance.This means the 95% confidence could make the right decision and could be wrong

with aprobability of 5% [20].

29|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

2. One-tailed and two-tailed tests: When a hypothesisis tested assuming that one processis
better or worse than the other, then it is called a one-tailed or one-sided test. However, if the
hypothesis is tested assuming that the extremevaluesof the statistics scae on both sides of the

meanin both tails ofthe distribution, the tegs are calledtw o-tailed or two-sided tests [20].

3. Standard error: standard error is the average measu e of the error of each sample point about

the beg-fit li ne. Out of all curves,the bes-fit curve hasthe smallest sandard error [20].

4. Correlation coefficient(R): the coefficient of correlation (sometimes called the coefficient of
regresson) is the measures of how well the least-square regresson line (beg-fit line) fits the

sample data.

Value of R=1 or -1 (R?=1) showsthat thereis a perfectlinear corr elation and alsoperfectlinear
regresson, whereby a negative value of R indicates inversely relationship and positive value
implies a direct relationship. On the other hand R = 0 or approaches to zero shows, no valid
relationship canbe obtained between the variables [20]. The standard error (J ), R-squaredvalue
(R?), R-adjusted andthe t-test are someof techniques used to judge adequacy of the regression
model [20].

5.2.1. Scatter Plot and Best-Fit Curve for Soils Classified According to AASHTO
Classific ation System

The scater diagrams is plotted in the X and Y coordinate system used twisualize the
relationship between variables.In developing correlations, the first step is aeating a scater plot
of the data, to visually assessthe strength and form of the relationship. A scater diagram is
generated by applying the Microsoft Excel. Scatter plot enable as to determine the model that
best suits for the relationships developed between the dependent variable and the predictor

variables.

In carryingout the statistical analysis,both SPSSand MSExcel spreadsheet are usedto determine
the scatter plot, correlation, and regresson. The MS Excel spreadsheetis found to be the most
powerful and manageable tool for scatter plot analysis and determination of correlation between
two variables. However, when the determination of the carelation between more than two

variables is required (the dependent variable requires two or more independent variables)
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regresson analysisis usedand the SPSSsoftwareis found to be the most powerful and descriptive
tool [20].

The parameters considered asthe principal component of analysisin this subject study consist of
the California Beaing Ratio which is taken as the dependent variable, whereas the percent
passng 0.075mm sieve size, MDD, LL PL, Pl, OMC,PP,and P M are independent variables.
Subsequently, the soilsin the study areaare classified ascoarse-grained soil and fine-grained soil
by the AASHTO il clasdfication system, the scatter plots of the same presented for coarse-

grained soil and fine-grained soil in Figures 51 to 5.6 and 5.9 to 5.14 regpectively.
5.2.2 Satter Plot for Coarse-Grained Soil
Scatter Plot CBRversus MDD

The scater plot and best fitti ng linear trend line for the relationship between CBRand MDD is
CBR=22.667MDD-27.317, asthe strength of the car elation is R2=0.6849.

20
y =22.667x 27.317

15 R =0.6849— @
=10
> 20 &
g ® L e, 8= @
@ e ® _ & e
05 o & 0 &

0

1.25 1.35 1.45VDD (g/cg 1.55 1.65 1.75 1.85

Figure 5. 1: Scatter Plot and bed-fit line of MDD vs.CBR for Caarse-Grained Sols

Scatter Plot CBRversus OMC

The scater plot and best fitti ng trend line for the relationship between CBR and OMCis CBR=
0.04480MGC - 2.54290MC+ 41.457, asthe strength of the car elation R2=0.6764

20
s y =0.04488 - 2.5429x+ 41.457
Re =0.6764
g 10 @ -
B 5 ®
0 e o U 928 =
10 15 20 OoMCe§ 25 230 35

Figure 5.2: Scatter Plot and beg-fit line of OMCvs.CBR for Coarse-Grained Soils
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Scatter Plot CBRversus PP
The scater plot and best fitti ng trend line for the relationship between CBR and PPis CBR=

0.3276PP2 - 4.0401PP+ 17.303, asthe strength of the car elation is R2=0.5834.

20
15 S y =0.3276¢ - 4.0401x+ 17.303
< ) Re=0.5834
E’f/ 10
®
3 o0 e ©
° o @ @
0
! § 3 4 PP 6 7 8 9

Figure 5.3: Scatter Plot and beg-fit line of PP vs.CBR for Coarse-Grained Soils

Scatter Plot CBRversus PM
The scater plot and best fitti ng trend line for the relationship between CBR and PM is CBR=

0.0405PM2 -1.5194PM+ 18.481, asthe strength of the car elation isR2=0.4856.

20
15 < y =0.0405€ - 1.5194x+ 18.481
S o Re =0.4856
& 10 -
® © e
5 <@ < —®
0
5 10 15 PM%y 20 25 30

Figure 5.4: Scatter Plot and bed-fit line of PM vs. CBR for Coarse-Grained Soils

CBRversus Plastic Index

The scater plot and best fitti ng trend line for the relationship between CBRand plastic Indexis

CBR=89.301PI-0919 asthe grength of the carelation isR2=0.5306

20 y =89.30 091
15 ® R =0.5306
®
< 10
& e o 2
S s e @
0
10 12 14 16 Pl (%18 20 22 24 26 28

Figure 5.5: Scatter Plot and beg-fit line of Pl vs. CBR for Coarse-Grained Soils
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CBRversus Percent Passing Sieve N0.200
The scater plot and bestfitti ng trend line for therelationship between CBRand % passng sieve
N0.200 is CB=0.0199P2002 -1.0979P200 + 20.94, asthe strength of the car elation isR2=0.2264

20
15 _ y =0.0199¢ - 1.0979x+ 20.94
hd _ R =0.2264
=
10 A
o ® ¥4
® ® = . ®
_ @ L BRI S e— —
> 5 ¢ e & ¥ oF @
0
8 13 18 23 28 33 38

Figure 5.6: Scatter Plot and bestfit line of P 200 vs.CBR for Carse-Grained Soals

Note that the assessnent from the above scatter plots of coarse grained soils indicate that, no
simple aurve that passed exactlythrough all point and it reasonable indicated that most of
the points scatteredaround a curved line, particularly liquid limit, plastic index, plastic product,
plastic modulus, plastic limit, optimum moisture content, and maximum dry density. The Graphs
were plotted CBR values versus soil indexalues such ad.L, PL, PI, PP, PM, OMCand MDD. The
above drawntrend lines of non-linear regresson analyzes enable as to obtain suitable goodness

fit. The R? value obtain here in aboveguantifies goodnessfit of non-linear regresson analyzes

The California Bearing Ratio has a strong corr elation with plastic index, optimum moisture
content, plastic product and maximum dry density than the plastic modulus and liquid limit. On
the other hand, as shown in Figure 5.6, the relationship between CBR and the percent passing

0.075mm sieve sze and plastic limit is the weakest of all of the index properties.

In addition to this, CaliforniaBeaing Ratiois adirect relationship with maximum dry density and
inversely proportional to other index properties i.e. optimum moisture content, plastic index,
plastic product, plastic modulus, and percent passng 0.075mm sieve. However, the effect of the
maximum dry density on the CBRis clearly observed with the proportional relationship. The CBR

increasesas the maxmum dry density increases forthe coarsegrained soils.

5.2.3 Satter Plot for Fine-Grained Soils

Scatter Plot of CBRversus MDD
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The scater plot and best fitti ng trend line for the relationship between CBRand MDD is CBR =
38.863MDD¥ - 99.686MDD + 68.503, asthe strength of the car elation isR2=0.8878.

25

20 y =38.863¢ - 99.686x+ 68.

15

CBR%)

10

5

0

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1
MDD (¢/c9

Figure 5.7: Scatter Plot and beg-fit line of MDD vs. CBR forFine-Grained Soils

Scatter Plot CBRversus OMC
The scater plot and best fitti ng trend line for the relationship between CBR and OMCis CBR=
0.03520MGC - 2.15880MC + 38.45, asthe strength of the carrelation isR2=0.7952.

25 =
y =0.0352% - 2.1588x+ 38.45
20 R =0.7952
-
=15
g
S 10
@
5
© ® 9 —
0
8 13 18 omMcey 23 28 33 38

Figure 5.8: Scatter Plot and bed-fit line of OMCvs.CBR forfine-grained soils

Scatter Plot CBRversus PP
The scater plot and best fitti ng trend line for the relationship between CBR and PPis CBR =

0.1905PP2 - 4.8092PP+ 33.817, asthe strength of the car elation isR2=0.7778.
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Figure 5.9: Scatter Plot and beg-fit line of OMCvs.CBR forfine-grained soils
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Scatter Plot CBRversus PM
The scater plot and best fitti ng trend line for the relationship between CBR and PM is CBR=
0.1399PM2 - 4.7318PM + 43.224, asthe strength of the car elation isR2=0.7637.
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Figure 5.10: Scatter Plot and beg-fit line of OMCvs.CBR forfine-grained soils

Scatter Plot of CBRversusPlastic Index
The scater plot and best fitti ng trend line for the relationship between CBRand plastic Index is
CBR=0.0961PI2 - 3.9806PI + 45.12, asthe strength of the car elation isR2=0.7853.
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Figure 5.11: Scatter Plot and bed-fit line of Pl vs. CBR forFine-Grained Soils

CBRversus Liquid Limit
The scater plot and bestfitti ng trend line for therelationship between CBRand the liquid limit is
CBR=0.0049LL2-0.8811LL +41.948, asthe strength of the car elation is R2=0.9295
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Figure 5.12: Scatter Plot and bed-fit line of LL vs. CBR forFine-Grained Soils
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Scatter Plot of CBRversus Plastic Limit

The scater plot and bestfitti nglinear trend line for the relationship between CBRand plastic Limit
is CER=0.0217PL2 - 1.966PL + 50.226, asthe strength of the carrelation isR2=0.839.
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Figure 5.13: Scatter Plot and beg-fit line of PL vs. CBR forFine-Grained Soils

Scatter Plot of CBRversus P2oo

The scater plot and best fitti ng trend line for the relationship between CBRand P200 is CBR =
0.0024 P200? - 0.2999 P20 + 17.277, asthe strength of the carrelation isR2=0.0094.

o 20 — y =0.0024¢ - 0.2999%+ 17.277
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Figure 5.14: Scatter Plot and beg-fit line of P 200 vs.CBR for kne-Grained Soils

Note that the assessnent from the above scater plots of fine grained soils indicate that, no simple
curve that passed exactlythrough all point and it reasonable indicated that most of the
points scattered around a curved line, particularly liquid limit, plastic index, plastic product,
plastic modulus, plastic limit, optimum maoisture content, and maximum dry density. The Graphs
were plotted CBR values versus soil indexalues such ad.L, PL, PI, PP, PM, OMCand MDD. The
above drawntrend lines of non-linear regresson analyzes enable as to obtain suitable goodness

fit. TheR? value obtain here in aboveguantifies goodnessfit of non-linear regresson analyzes

The California Beaing Ratio has a strong corr elation with liquid limit, plastic index, plastic
product, plastic modulus, plasticlimit, optimum moisture content,and maximum dry density than

the percent passing 0.075mm sieve size.Onthe other hand, asshown in Fig. 5.14,the relationship
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between CBR and the percent passng 0.075mm sieve size is the weakest of all of the index

properties.

5.3 Simple Non-linear Regression and Multiple Linear Regression Analysis

For predicting soakedCBRvalue from soil index propertiesand compactioncharacteristic single
non-linear regression and multiple linear regression mode were developed in this research
work. The Grapls were plotted CBR values versus soil indexalues such ad.L, PL, PI, PP, PM,
OMCand MDD. The above drawntrend lines of non-linear regresson analyzes enable as to
obtain suitable goodness fit. Tie R? value obtain here in abovequantifies goodness fit of non-
linear regresson analyzes Single nonlinear regression carried out by Microsoft excel whereas
multiple linear regresson analysis was caried out by SPSS.The R? value for the MLRA used

know how well the outcomes were predicted by the model.

Specific to this research, a statistical package for social science software (SPSS) is employed to
invegigate the significance of individual regressor variables. The total of twenty three coarse-
grained soilsand fourteen fine-grained soilsare usedin correlating dependent variable (CBR) with
independent variable (LL, PL, PI, OMC, PP, PM, and MDD), while caring out the statistical analysis
different regresson models are used and those models with a higher value of coefficient of
determination are acaepted. The statistical information of the test resuts is presentedin the table
below.
Table 5.1: Satistical Information ofthe Variables of Coarse grained soll

Variable | Variable |  Units of No. of Ranges Standard
Type Name | Measurement | Samples| Min M ax Mean | Deviation
Dependent | CBR % 25 3.93 14.7| 7.046 2.63
P200 % 25 12| 33.36| 22.95 6.2

LL % 25 42 70| 57.84 7.61

PL % 25 23 53| 39.88 5.826

Independent Pl % 25 18 27| 17.96 4.354
MDD glcc 25| 1.364| 1.813| 1.515 0.1015

OoMC % 25 13.6 33.5| 24.72 4.8

PP % 25| 1.736 7.79| 4.16 1.603

PM % 25 6.64| 24.11| 11.64 3.904
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Table 5.2 : Satistical Information ofthe Variables offine-grained soil

Variable | Variable Units of No. of Ranges Standard
Type Name | Measurement | Samples| Min M ax Mean | Deviation
Dependent | CBR % 16 3.2 23.8( 7.75 5.49
P200 % 16| 35.8 73.6| 54.01 11.41
LL % 16 24 73| 58.18 12.83
PL % 16 16 52| 39.56 9.43
Pl % 16 8 30| 18.625 6.69

Independent
MDD gl/cc 16| 1.33 1.972| 154 0.163
OoMC % 16| 10.3 33.5( 2441 6.602
PP % 16| 3.22 22.08| 10.23 4.89
PM % 16| 5.65 27.48| 15.13 6.23

In order to know the influenceof one variable over the other, astepwise non-linear regresson has
been analyzed and as a result, the respective corr elation coefficients and level of significance
determined. Thedetail outputs of the SPSSfor multiple linear regresson analysis presentedunder

Appendix A ofthis thesisand also the summarized correlation results ae presented hereinafter:

5.3.1: SNLRAfor Coarse Grained Sails Classifi ed According to AASHTO Classific ation

System
Table 5.3: Input datdor SPSS Compuer Program for Coarse-grained sal

Sation CBR |MDD |OMC |LL |PL |PI P200 PM PP

2+500 147 |1813 136 |44 |30 |14 124 6.64 1.74
12+000 452 | 1477 |28 62 |41 |21 296 15.75 6.2

12+500 6.13 [1376 335 |60 |42 |18 22 13.68 3.96
13+000 393 1443|295 |70 [45 |25 19 15.6 4.75
14+000 725 (1408|329 |66 |49 |17 176 8.67 299
14+500 544 |1.446 |29 65 |46 | 19 27 14.14 513
20+000 5 1489 | 238 |55 [36 |19 296 114 5.62
24+000 773 |147 |246 |54 |42 |12 20.2 7.22 242
25+000 466 |1364 (294 |48 |33 |15 33 942 4.95
25+500 9 1568 | 196 |51 [36 |15 28.2 10.14 423
29+000 52 1531|218 |59 [43 |16 24 10.56 3.84
29+500 556 |1532|205 |61 |37 |24 21 15.6 5.04
30+000 494 | 1508 |25 63 |42 |21 256 12.31 5.38
31+000 6.5 1511|266 |64 |42 |22 138 132 3.04
31+500 767 |1495 |25 42 (29 |13 16 845 208
33+000 8.3 1556 | 262 |58 |40 |18 2896 | 138 521
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34+500 682 |1474|296 |68 |53 |15 21 9621 3.15
35+000 45 1437 | 2765 |57 |30 | 27 2888 |24.12 7.7976
35+500 125 | 166 |19.18 |48 |38 |10 2086 |691 2.09
37+000 575 |1.498 |23 64 |41 |23 21 10994 | 483
37+500 54 1503 | 23 64 | 45 | 19 19 9.08 361
40+000 6.1 1467 | 28 65 (44 |21 296 15.96 6.21
41+000 875 | 159 |228 |50 |38 |12 27.2 8.74 3.26
Table 5.4: Input datafor the cantrol testof coarse grained soils

Sation CBR |MDD |OMC |LL |PL |PI P200 PM PP
1+500 1025|1733 | 17 54 | 36 18 15.04 13.995 | 2.98
36+000 95 | 154 | 229 |54 | 39 15 12 184 24

After carefully studying the datatrend on the scater plot of the single regresson analysis, the

resulting regresson analysis of the corr elations of CBRwith LL, PL, PI, MDD, OMC,PP, PM, and

P200 are expressed bythe following single non- linear equations.

Table 5.5: Summary SNLRA for coarse-grained solls classified acording tothe AASHTO classification

system.
Regre | Model Equation Developed | Correl ation R2 Sa | (1) Significance
ssion | Name between mp Order
Type le Depending
No. on (1) andR?
Single | Model | | CBR=0.0084LL2- CBR andLL 0.409 <005 |5
Reare 1.141LL +44.3
g Model Il | CBR=0.008PL2- CBR andPL 0112 | 23 |>0.05 |8
ssion 0.7678PL +24.406
Model Il | CBR=89.301P|-0-919 CBR andPlI 0531 <0.05 | 3
Model IV | CBR=22.67MDD-27.32 | CBR andMDD | 0.685 <0.05 |1
Model V | CBR=0.04480MC- CBR andOMC | 0.676 <005 | 4
2.54290MC+ 41.457
Model VI | CBR=0.0199P2002- CBR andP20 | 0.226 >005 |7
1.0979P200 + 20.94
Model VII | CBR=0.3276PP2- CBR andPP 0.583 <0.05 |2
4.0401PP+ 17.303,
Model VII | CBR=0.0405PM2- CBRandPM | 0.486 <005 |6
15194PM+ 18481,
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Generally the above developed single non-linear regresson models ofcoarsegrained soils,
depend toon the values significant standard error and coefficient ofregression, CBR valuehas
strong correlation with maximum dry density, plastic product, plasticity index, optimum
moisture cortent and plastic modulus whereas the Boo and PL have weak relationship with CBR.

In addition to this, correlation obtained from these variable such as MDD, OMC, PP and PI could
yield a better correlation during the multiple regression variables

The CBRis essntially a measue of the shear strength of a material at a known density and
moisture content and the CBRvalue coarse grained comparatively depend on the maximundry

density, optimum moisture cortent, and plastic product.

5.3.2 MLRA for Coarse-Grained Soils Classifi ed According to AASHTO Classific ation
System

To examinethe combined effect of theseparameters of the CBRwith P2oo, LL, PL, PI,OMC PP, PM
and MDD, a multi ple regresson analysisis conducted. The basc form of the equation is asfollows
the single regresson discussed previously had shown that the California Bearing Ratio is a
significantly strong relationship by some parameters like optimum moisture content, maximum

dry density and plastic product.

Among the numbers of differentalternatives analyzing of the multi ple linear regressons of the
twenty three coase-grained soil sanples and the following significant correlation were

presented.
Model 1: Correl ation between CBR with MDD and OMC

From the multi ple regressionanalysis, the resulting corr elation coefficient with its corr esponding
CBRwith MDDand OMCare expressed bythe following equationsof MLR

CBR=35.014MDD+0.27880MC-52.874 with R2=0.7349 N=23

The details ofthe statistical cutput of Model 1 indicatesthat the relationship developed between
CBRwith MDD and OMCis significant (] I".86). Besidesthe R? value ofthe multi ple regresson
analysisisimprovedthan the R? value of the individual parameters,i.e. MDD and OMC For further

reference,the detail of Model 1is shown in Appendix A
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Model 2: Correl ation between CBR with MDD, OMC, and LL

From the multi ple regression analysis, the resulting corr elation coefficient with itscorr egponding
CBRwith MDD, OMC,and LL are expressed bythe equationsof MLR here in under

CBR=35.099MDD+0.3910MG0.124LL-48.67 with R2=0.834 N=23

The details ofthe statistical autput of Model 2 indicatesthat the relationship developed between
CBR with MDD, OMG and LL is significant (4 [.06). Besides the R2 value of the multiple
regresson analysis is improved than the R? value of the individual parameters,i.e. MDD, OMC,

and LL. For further reference,the detail of Model 2is shown in Appendix A.
Model 3: Correl ation between CBRwith LL and PI

From the multi ple regressionanalysis, the resulting corr elation coefficient with itscorr esponding

CBRwith LLand PI are expressd by the equations MLR here in under

CBR=17.596-0.1033LL-0.265 PI with R2=0.496 N=23

The details ofthe statistical autput of Model 3 indicatesthat the relationship developed between
CBR with LL and Pl is significant ({ I .86). Besides,the R2 value of the multiple regresson
analysis is improved than the R? value of the individual parameters,i.e. LL and PI. For further

reference,the detail of Model 3is shown in Appendix A.
Model 4: Correl ation between CBR with MDD, OMC, and PI

From the multi ple regressionanalysis, the resulting corr elation coefficient with its corr esponding
CBRwith MDD,OMC, and Pl are expressed bythe equation of MLR here in under

CBR=29.17MDD+0.23650MG0.225PI-38.975 with R2=0.8657 N=23

The details of the statistical output of Model 4 indicate that the relationship developed between
CBR with MDD, OMC,and Pl is significant (| [.85). Besides,the R? value of the multiple
regresson analysis is improved than the R? value of the individual parameters,i.e. MDD, OMC,

and PI. For further reference,the detail of Model 4 is shown in Appendix A.
Model 5: Correl ation between CBRwith MDD, PP and PI

From the multi ple regressionanalysis, the resulting corr elation coefficient with its corr esponding

CBRwith MDD, PP, and Pl are expressed by theequations MLR here in under.
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CBR=17.579MDD-0.272PP-0.174PI-15.36 with R?=0.8403 N=23

The details of the statistical output of Model 5 indicate that the relationship developed between
CBRwith MDD, PP, and Pl is significant (] I.06). Besidesthe R? value of the multi ple regresson
analysis is improved than the R2value of the individual parameters, i.e. MDD, PP, and PI. For

further reference,the detail ofModel 5is shown in Appendix A.

Generally, it canbe noted that the CBRvalue correlates relatively better with plastic index, plastic
product, optimum moisture content and maximum dry density whereas the left of the
parameters showed a slightly moderate relationship with CBR. The above multi ple carelation
result is sunmarized and presentedin Table5.8.

Table 5.6: Summary for MLRA for coarse grained soils classified according to the AASHTO
classification system.

Regesso | Modal Equation Developed R2 Sandar | Sgnificance

n Type Name d Error | Order Depending
(W) on(1)and R

Multi ple Model 1 | CBR=35.014MDD+0.27880MC- | 0.734 | <0.05 4

Regesso 52.874

n Model 2 | CBR=35.099MDD+0.3910MC 0.834 | <0.05 2

0.124LL-48.67
Model 3 | CBR=17.596-0.1033LL-0.265 PI | 0.496 | <0.05 5
Model 4 | CBR=29.17MDD+0.23650MC- 0.865 | <0.05 1
0.225PI-38.975
Model 5 | CBR=17.579MDD-0.272PP- 0.840 | <0.05 3
0.174PI1-15.36

5.3.3 SNLRA for Fine Grained Sals Classifi ed According to AASHTO Classific ation

System

Table 5. 7: Input data for SPSSComputer Program of Fine-grained soils

Sation | CBR | MDD OMC |LL PL Pl | P200 PP PM
3+000 764 | 151 25 56 43 13 | 68 8.84 10.14
4+000 238 | 197 103 23 16 7 53 4.24 7.28
5+500 173 | 1.88 13 34 25 9 35.8 3.222 5.652
7+000 7.7 |153 24 60 37 23 |62 14.26 19.665
8+000 88 144 31 59 44 15 |51 7.65 10.83
9+500 81 |161 218 55 30 25 |73 18.25 23
114000 [3.85 |144 28.3 62 39 23 | 434 9.982 21.39
154000 [3.31 |15 21 65 41 24 |52 1248 17.04
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16+000 |81 |152 25.6 54 39 15 | 4838 7.32 11.55
17+000 (32 |14 295 65 48 17 | 606 10.302 | 13.736
30+500 |3.95 | 133 335 73 52 21 |43 9.03 14.7
34+000 |9.23 | 1457 23.7 62 52 10 | 572 5.72 954
39+000 |52 |1516 275 70 43 27 | 376 10.152 | 20.358
394500 | 7.1 1.547 265 61 45 16 |49.6 7.936 10.592
Table 5.8: Input data for the control test of finegrained soils classified according to AASHTO
classificaion system

Sation | CBR | MDD OMC |LL PL Pl | P200 PP PM
10+000 |3.25 | 1507 30.72 | 721 |42 30 [73.6 22816 | 28.396
26+000 | 6.7 |1548 22.1 59 37 22 |556 12232 | 19.096

After carefully studying the data trend on the scater plot of the single regresson analysis, the
resulting regresson analysis of the corr elation of CBRwith itsLL, PL, Pl, MDD, OMC, and P2oo is
expressed by the fdlowing single non-linear equation.

Table 5.9: Summary SNLRA for fined grained soils classified according to the AASH@I@ssification
system

Regres | Model Equation Developed | Correl ation R2 S | The Significan
sion Name between No | standar | ce Order
Type : d error | by on } |
{ 1 |andR?
Single | Model 16 CBR=0.0049LL2 - | GBR andLL 0.9295 <0.05 1
Regres 0.8811LL +41.948
sion Model 116 CBR=0.0217PL2 - | GBR andPL 0839 | 14 | <0.05 3
1.966PL+ 50.226,
Model llI6 | CBR=0.0961PI2 - | CBR andPI 0.7853 <0.05 5
3.9806PI +45.12
Model IVO | CBR=38.863MDD?* - | CBR andMDD | 0.8878 <0.05 2
99.686MDD + 68.503
Model Vo CBR=0.03520MC - | CBR andOMC | 0.7952 <0.05 4
2.15880MC +38.45
Model VI6 | CBR=0.0024P2002 - | CBR andP20 | 0.0094 >0.05 8
0.2999 Pooo +17.277
Model VII6 | CBR=0.1399PM2 - | GBR andPM 0.7637 <0.05 7
47318PM+43.224,
Model VIII6 | CBR=0.1905PP?2 - | CBR andPP 0.7778 <0.05 6
4.8092PP+33.817,

Generally, the above developed single non-linear regresson models of fine-grained soils,depend

on the valuessOECT EAEAAT O OOAT AAOA Aegressian (RR), tile CBRhAs AT A
strong correlation with liquid limit, plastic limit, plasticity index, ogimum moisture content,

plastic product, plastic modulus and maximum dry density which Whereas the percent
passing No.200 sieve showed a weak correlation with CBR.
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It is well known that the shear strength or CBRof fine-grained soils varies mainly with coheson
or consigency limit. A fine-grained soil that is at high consigency limit hasvery little shearing
strength, whereas the same fine-grained at lower moisture content may have considerabe

shearing stength or CBRvalue.

Fine-grained soils contain a high quantity of ar voids. This soil group requires more water to
minimize air voids and therefore the optimum moisture content is high. Addingwater makesthis
soil plastic and requiresmore compaction effort. If the compaction increased, the maximum dry

density soils increaseand the optimum moisture cortent dea ease.

5.3.4 MLRA for Fine Grained Sals Classified According to AASHTO Classific ation

System.

To examinethe combined effect of these parameters of the CBRwith P2oo, LL, PL, PI,OMC,PP, PM
and MDD, amulti ple regresson analysisis conducted. The bascform of the equation is asfoll ows.
The single regresson discussed previously had shown that the California bearing ratio is
significantly affected by some parameters like maximum dry density, liquid limit, plastic limit,
plastic index andoptimum moisture conten

Among the numbers of different alternatives combinations malyzing of the multiple linear
regressons of the fourteen fine-grained soil samples, the following six model of MLR model

most significant correlation were presented here in under.
Model 16 Correl ation between CBR with MDD and OMC

From the multi ple regressionanalysis, the resuting corr elation coefficient with itscorresponding
CBRwith MDDand OMCare expressed bythe equations of MLR herein under.

CBR=39.65MDD+0.2630MC-59.253 with R?=0.853, N=14

The details of the statistical output of Model 16indicatesthat the relationship developed between
CBRwith MDD and OMCis significant (] <0.05). Besides,the R? value of the multi ple regresson
analysis is improved than the R? value of the individual parameters, i.e. MDD and OMC.For

further reference,the detail ofModel 18 pEe@nted in Appendix B.
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Model 26 Correl ation between CBR with MDD, OMC, and LL

From the multi ple regressionanalysis, the resuting corr elation codficient with itscorresponding
CBRwith MDD, OMC,and LL are expressed by the equations of MLR herein under

CBR=15.49MDD+0.22150MC-0.319LL-2.67 wit hR?=0.9155, N=14

The details of the statistical output of Model 2dindicate that the relationship developed between
CBR with MDD, OMCand LL is significant (; I.85). Besides,the R? value of the multiple
regresson analysis is improved than the R? value of the individual parameters,i.e. MDD, OMC,

and LL. For further reference,the detail ofModel 26 pEe@ntedin Appendix B.
Model 36 Correl ation between CBR with LL and Pl

From the multi ple regressionanalysis, the resuting corr elation coefficient with itscorresponding

CBRwith LL, PL, and Pl are expressd by the equations of MLR herein under
CBR=31.786-0.376LL-0.1103PI with R2=0.911 N=14

The details of the statistical output of Model 3dindicatesthat the relationship developed between
CBR with LL and Pl is significant (4 .85). Besides,the R? value of the multi ple regresson
analysis is improved than the R? value of the individual parameters,i.e. LL and PI. For further

reference,the detail ofModel 36 pEe@nted in Appendix B.
Model 40 Correl ation between CBRwith MDD and LL

From the multi ple regressionanalysis, the resuting corr elation coefficient with itscorregponding

CBRwith MDDand LL are expressed bythe equations of MLR herein under
CBR=16.494+6.810MDD-0.326LL with R2?=0.9084 N=14

The details of the statistical output of Model 4Gindicatesthat the relationship developed between
CBRwith MDD and OMCis significant (] <0.05). Besides,the R? value of the multi ple regresson
analysis is improved than the R? value of the individual parameters, i.e. MDD and OMC.For
further reference,the detail ofModel 46  E n irOMpdendix B.

Model 56 Correl ation between CBR with OMCand LL

From the multi ple regressionanalysis, the resuting corr elation coefficient with itscorresponding

CBRwith OMCand LL are expressed bythe equations of MLR herein under

CBR=31.902+0.01450MG0.4178LL with R?=0.903 N=14
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The details of the statistical output of Model 5andicatesthat the relationship developed between
CBRwith OMCand LL is significant (f I.85). Besides,the R2value of the multi ple regresson
analysisis improvedthan the R2 value ofthe individual parameters,i.e. OMC and_L. For further
reference,the detail ofModel 56  E wn irO%pdendix B.

Model 66 Correl ation between CBR with MDD, LL and PL

From the multi ple regressionanalysis, the resuting corr elation coefficient with itscorresponding
CBRwith MDD, LL and PL are expressed bythe equations of MLR herein under

CBR=15.843MDD-0.361LL+0.2179PI1-4.082 with R2=0.9306 N=14

The details of the statistical output of Model 6Gindicatesthat the relationship developed between
CBRwith MDD, LL and PL issignificant (] I.05). Besidesthe R? value of the multi ple regresson
analysis is improved than the R2 value of the individual parameters,i.e. MDD, LL and PL. For
further reference,the detail ofModel 66 E wn irOA4pdendix B. The above multi ple car elations
of fine-grained soil results are sunmarized and presented in Table5.10.

Table 5.10: Summary for MLRA for fine grained soils classifiadcording to the AASHT@lassification
system.

Regesso | Modal Equation Developed Re Sandar | Sgnificance
n Type Name d Error | Order Depending
1) on (1)and R2

Multiple | Model 16 | CBR=39.65MDD+0.2630MC-59.25 | 0.853 | <0.05 6
Regesso | Model 26 | CBR=15.49MDD+0.220MG 0.9155 | <0.05 2
n 0.319LL-2.67

Model 36 | CBR=31.78-0.376LL-0.1103P!I 09111 | <0.05 3

Model 46 | CBR=16.49+6.81MDD-0.326LL 0908 |<0.05 4

Model 56 | CBR=31.9+0.01450MC-0.326LL 0903 |<0.05 5

Model 66 | CBR=15.84MDD-0.36LL+0.218PL- | 0.9306 | <0.05 1

4.08
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6. DISCUSONS
6.1 General

The validation of the developed corr elation is conducted by using the control test in order to
evaluate the suitable equation, the CBRvalue were calculated for both input soil data and control

samples soildata using newly developed equations.

6.2 Discussion on Regression Result for Soils Aassified According AASHTO
Classific ation System

Table5.5 and 5.6 show the summarized reaults of the regresson analysis in predicting the CBR
from the corresponding index properties of soils and compaction characteristics of coase
grained soil. In the same way Table 5.9 and 5.10 show the summarized results of regresson
analysis in predicting CBR from the index properties and compaction characteristics of fine
grained soil. An attempt wasmade to obtain which one of the predictors canbe strongly related
to dependent variables. This has been done in two stages; the first stage was to analyze the
relationship between the predictors and the dependent variable one by one interchangeably

using single regresson analysis.

The single regresson analysis for the coarse-grained soils and fine-grained soils are presented
in Tables5.5 and 5.9 respectively. As one can seethe data trend of the coarse grained soils in
Table 5.5, CBR values are significantly influenced by maimum dry density, optimum moisture
content and plastic product with a coefficient of determinations of 68.5%, 67.6% and 58.3%
regpectively. Whereasas from Table 5.9, it can beobserved that the CBR valuesof fine grained
soils are significantly influenced by LL, PL, MDD, and OMC by achieving a coefficient of
determination of 92.95%, 83.9 %, 88.78% and

79.52% regpectively. The CBRof coarsegrained soils is significantly influenced by maximum dry

density whereas it significantly infl uenced by a liquid limit in the caseof fine grained soils.

The second skge was done to predict the CBR from two or more independent variables using
multi ple linear regresson analysis. The muitiple linear regresson analysis for the coarse-grained
soils and fine grained soils are presented in Tables5.6 and 5.10 regpectively. Depending on the

relative significance order the coarse grained soils and fine grained soils are preferably seleded
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Model 4 (CBR=29.17MDD+0.23650MC+0.2254P1-38.975) with a coefficient of determination of
0.866 and Model 66 (CBR=15.84MDD - 0.361LL + 0.2179PL - 4.082) with a coefficient of
determination of 0.931 respectively among the different alternative correlations for further

verifications.

According to the principles of multiple linear regressons, the value of the coefficient of
determination (R2) should be between 0.8 and 1 for the perfect fit. So in this regad, sincethe
coefficient of determinations of the two proposed modelsfor the two groups of soils is above 0.8,

the models canpredict with high accuracy the soaked CBRvalues br the two groups ofsoils.

The validations of the developed corr elations for the coarse-grained and fine grained soils are
conducted by using twocontrol known test results. The validation of the developed car elation
and predicted CBR values using the newly developed corr elation equations shown in Table 6.1
and 6.4 for the coarsegrained and fine grained soils respectively.

Table 6.1: Validation of newly developed equation for coarse grained soils classified accordingto
AASHTOclassification system

Sation Actual

CBRvalue | MDD |OMC |LL |PL Pl | P200 Predicted CBR Value
2+500 |14.7 1813 | 136 44 | 30 14 | 124 13971
12+000 | 452 1477 |28 62 |41 21 | 29.6 5.997
12+500 | 6.13 1376 |33.5 60 |42 18 | 22 5.029
13+000 | 3.93 1443 | 295 70 |45 25 [ 19 44591
14+000 | 7.25 1408 |329 66 |49 17 | 176 6.045
14+500 | 5.44 1446 |29 65 |46 19 | 27 5.781
20+000 |5 1489 |238 55 |36 19 | 29.6 5.81
244000 | 7.73 147 246 54 |42 12 | 20.2 7.02
25+000 | 4.66 1364 | 294 48 | 33 15 | 33 4.385
25+500 | 9 1568 |196 51 |36 15 | 28.2 8.018
29+000 | 5.2 1531 (218 59 (43 16 | 24 7.234
29+500 | 5.56 1532 (205 61 |37 24 | 21 5.152
30+000 | 4.94 1508 |25 63 |42 21 | 256 6.192
31+000 |65 1511 |266 64 |42 22 | 138 6.433
31+500 | 7.67 1495 |25 42 | 29 13 | 16 7.62
33+000 | 8.3 1556 |26.2 58 |40 18 | 28.96 7.56
34+500 | 6.82 1474 | 296 68 |53 15 | 21 7.641
35+000 |45 1437 2765 |57 |30 27 | 28.88 3.396
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354500 | 125 1.66 1918 |48 |38 10 | 20.86 11.73
37+000 | 5.75 1498 |23 64 |41 23 |21 4.98
37+500 | 54 1503 |23 64 |45 19 |19 6.02
40+000 | 6.1 1467 |28 65 |44 21 | 296 5.706
41+000 | 8.75 1.59 228 50 |38 12 | 272 10.093

Subsequently, using thecontrol test resuts and the developed corr elation equation of the model

4,the predicted BR isdetermined so as to compreit with the actual CBRvalue in Table 6.2.
Table 6.2: Validation of newly developed corr elation (for coarse grained control test)

Sation | Actual CBRValue MDD |[OMC|LL |PL |PI P200 | Predicted CBR Value
1+500 10.3 1.733 |17 54 |36 |18 |19.86 1154
36+000 95 154 229 |54 |39 |15 |12 798
Table 6.3: Checking the accuracy ofthe newly developed formulafor control samples
Sation Actual CBRValue | Predicted CBR Value | Variation of CBRValue
1+500 10.3 1154 -12.03
36+000 95 798 15.98
Average 9.9 9.76 14.01

From the values,in Table 6.3, the percentagesof variation of the newly developed formulafor the
control test of the accuracyranges of anaverage of 14.01% deviated from the actual CBRvalues.

Table 6.4: Valid ation of newly developed equation for fine grained solil classified accordingto AASHTO
classification system

Sation | Actual CBRValue | MDD OMC| LL |PL | PI P200 | Predicted CBR Value
3+000 |7.64 151 25 56 |43 |13 |68 9.056
4+000 | 238 197 103 |23 |16 |7 53 21.98
5+500 |17.3 1.88 13 34 |25 |9 358 | 18811
7+000 |77 153 24 60 |37 |23 |62 6.59
8+000 |88 144 31 59 |44 |15 |51 6.94
9+000 |81 161 218 |55 |30 |25 |73 8.026
11+000 | 3.85 144 283 |62 |39 |23 |434 |4.78
15+000 | 3.31 15 21 65 |41 |24 |52 5.197
16+000 | 8.1 152 256 |54 |39 |15 |488 (892
17+000 | 3.2 14 295 |65 |48 |17 |606 |5154
30+500 | 3.95 133 335 |73 |52 |21 |43 1.966
34+000 | 9.23 1457 | 237 |62 |52 |10 |572 | 795
39+000 |52 1516 | 275 |70 |43 |27 |376 |4.034
39+500 |71 1547 | 265 |61 |45 |16 |496 |821
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Table 6.5: Validation of newly developed equation (Control testof fine-grained soll

Sation | Actual CBRValue | MDD | OMC | LL PL | Pl | P20o | Predicted CBR Value
10+000 3.25 1507|3072 |72 |42 |30]|736 295
26+000 6.7 1548|221 |59 |37 |22|556 7204

Table 6.6: checkingthe accuracy ofthe newly developed formulafor control samples

Sation Actual CBRValue | Predicted CBR Value | Variation of CBRValue
10+000 3.25 295 9.17
26+000 6.7 7.204 -753
Average |4.64 5.077 8.35

From the values,in Table 6.6, the percentages of variation of the newly developed formula of the
model 66for the control test the accuracy ranges of an average of 8.35% deviated from the actual
CBRvalues.

6.1 Graphical Representation of Experimental and Predicted CBR Values

The Graphical representation of Experimental and predicted CBR value based on thewly developed

formulas T £ [ 1T AAT of thefokedhfitteg @uation for the coarse and fine-grained are shown
respectively on the figure 6.1 and 6.2
20

S y=0.9999x+0.0045 - >

&g 10 R=0.8657 ~

© o ¥y

g ° o« oW "

< o0

0 2 4 @Predicted CBRA%) 10 12 14 16

Figure 6.1: Scattered plot of experimental vs Pralicted CBR (coasegrained AASTHO)

_ 25
= °
@ 20 y =0.9297x+0.6131 ®
= 15 R =0.9307
=i
g 10 288 —=
o 9
il 0 ®
0 5 10 Predicted CBR%) 15 20 25

Figure 6. 2: Scattered plot of experimental vs Predicted CBR (finegrained AASHTO)

50|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

As one can see in the above consecutivefigures,about 86.6 % and 93.06% of the total samples
scattered near the straight line throughwhich the experimental and predicted CBRvalueis equal,
whereas relatively 13.4% and 6.94 % of the test results slightly deviated from the possible line

for coarse-grained and fine-grained soils respectively.

Model 4 and ModA |

described the relation better than all others established model. This is, therefore, it has good

or ¢hé coa & grained soils and fine-grained soils have respectively

regresson analysis with a coefficient of determination 0.836 for coarse grained soils whereas
0.9306 for fine grained soils and the accuracy of experimerial CBR values from predicted CBR
value for control sampleis 14.01% differencefor coarsegrained soils and 8.35% for fine grained
soils.Hence, one may use this suggested equation for the egimation of the CBRvalue of the study

area.

6.3 Evaluation of the Developed and Existing Correlations

The suitability of existing corr elations particularly the NO( 2 $14) and Leliso Y.[10] corr elations,
alongwith the developed corr elation are calculatedusing a control test results obtained from the
subject study area. The evaluated results of the corr elations which are obtained by usingthe

control test results ae presentedin Table 6.7.

Table 6.7: The develped and existing correlation for fine-grained soils ofthe control test

Developed Correla tion NCHR Leliso Y.
Actual - — . — - —
Sation | CBR Predicted | Variation Predicted | Variation | Predicted | Variation
CBR % (A- CBR % (A- CBR % (A-
Value(A)
value(B) | B)/A*100 |value(C) |[C/A*100 |value(D) |[D)/A*100
10+000 | 3.25 295 9.17 439 -35.15 4447 -36.85
26+000 | 6.70 7.204 -7.15 757 1301 6413 428
Average | 4.98 5.17 8.35 5.98 24.86 5.43 20.57

As shown in Tables6.7,the NO( 2 @o elation resultedin an averagevariation of 24.086% from
the actual CBRvalues.Smilar ly, Leliso Y.corr elation resulted in an averagevariation of 20.57%
and the developed correlation resultedin an average of8.35% from the Laboratory (actual) CBBR
values.

In light of the aboveit is worth note that the test results obtained from the study area are

relatively suited by the above developed corr elation.
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7. CONCLUSION AND RECOMMENDATION

Basedon the analysis of data obtained from laboratory soil testing and corr elation developed the

following condusions andrecommendations are drawn.

7.1 Conclusion

From the results ofthis study the following conclusionsare drawn:

*

Among the developed models, model 4 with 0.866 coefficient of determination was
proposed to predict the sosked CBR values of coarse-grained soils. Hence, using the
developed relationship, one canindirectly determine soaked (BR valuesfrom maximum
dry density optimum moisture content and plastic index,asone canseecompared with all

other models ofcoarse-grained soils.

Among developed models, model 6' with 0.9306 coefficient of determination was
proposed to predict the so&ked CBR values of fine-grained soils. Therefore, using the
developed relationship, one can indirectly determine so&ked CBR values of fine-grained

soils from maximum dry density, liquid limit and plastic index.

The multiple linear regresson analysis of the soil index properties yields a better
coefficient of determination than single linear regresson analysis for predicting the CBR

values.

It common that there is a positive relation between CBR Vs MDD and negative relation

between CBRversus OMC, PP, PM, LL, PL, PI,and P2oo.

In general, it canbe concluded that for preliminary soil invesigation the CBR valuesof soils
compacted at predetermined gptimum moistures content and maximum dry densities with
modified Proctor compaction, can be predicted from liquid limit, optimum moisture content

and maximum dry density without significant err orsfor the sudy area.
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7.2 Recommendation

This work can be further extended to correlate the CBR values with index properties and
compaction characteristics of soil such as standard Proctor test, un-soeked CBR value, varying
the moisture cortent, varying the soaking days and modified reduced Proctor test. In addition to
this, further studies have to be carried out to checkthe applicability the equation for other types
of soil.

Based onregression analysis, it is recommended that a good measue of quality control of PlI,
MDD, OMCand LL variables are significant during /A Icopaction and incorporation of these
variables into a measire of quality control and spA A E @AwiIDhelp to achieve durable road

pavemert.

Extending this research by the research institute to published the guidance manual for the road
authorities, railway authorities, consutants and contractors as preliminary badground
information on the value of CBR,for alocalized subgrade material, from soil index properties
for the benefit of swving time and additional cost for carrying out laboratory CBR test and

equipment.

53|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

[1].

[2].

[3]

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

REFERENCE

American Society for Testing and Materials, Desgnation: D 1883 z 99, Laboratory CBR Teging,
Annual Book of ASTM Sandards, Volume 04.08, West Conshdocken, Pennsylvania, 2000.
American Society for Testingand Materials, Designdion: D 4429-93, In-situ CBRTesting, Annual
Book of ASTM Sandards, Volume 04.08, West Conshdiocken, Pennsylvania, 2000.

Ethiopian RoadAuthority, Pavement Desgn Manual Volume 1, chgter 3 Subgrade,

Brehanena Selam Rinting Enterprise, Addis Ababa,2002.

American Associdion of Sate Highway and Transportation Officials (AASHTO) part2,1986 T027-
T274.

USArmy and Air Force (1983), Soils and Geobgy Proceduresfor Foundation Design of Buildings
and Other Structures,USArmy Tedhnical Manual 5-818-1, Washington DC, 1983. Available Online
/htt p: // www .usacearmy.mil/in et/usacedocs/.

Peter, M. Semen, U.S. Army Engineer Resarch and Development Center, A Generalized
Approach to Soil Strength Prediction with Machine Learning Methods, ERDQ CRREL Technical
Report 06-15, Engineer Research and Development Center, Hanover, NH, USA, 2006.

Martin R., Highway Engireering, Blackwell Publishing Ltd Editorial Cffices,Ireland, 2003.
Arora,K.R,, Soil Mechanics and Foundation Engineering, Re-print Sandard Publishers Distributer,
Nai Sarak, Delhi, 2004.

Fredrics, M., Sandard Hand Book for Qvil Engineers, McGaw-Hill Book Company, New York,
1983

Leliso Y.(2010), Corr elation of CBR valueswith soil index Properties for Addis Ababa subgrade
soils,M.&.thesis, AAUT,AAIT, Ethiopia.

American Society for Teging and Materials, D 2487z00, Sandard Practice for Qassification of
Soils for Engineering Purposes (Unified Soil Qassification System), Annual Book of ASTM
Sandards, Volume 04.08, West Conshdiocken, Pennsylvania, 2000.

Mittal, S. and Shukla, JP., Soil Testing for Engineers, Romesh Chander KhannaPublishers Delhi
(India), 2000

NereaA. (2012). Prediction of engineering properties of Fine-Grained Soils from their index
properties.M.Sc. Thess, AAU, AAIT, Ethiopia.

54|Page


http://www.usace.army.mil/inet/usacedocs/

Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

[14].

[15].

[16].

[17].

[18].

[20].

[21].

[22].

National Cooperative Highway Reseach Program, GGuide for mechanistic and empirical z design
for new and rehabilit ated pavementstructures,final documentoAppendix GC-1: corr elation of CBBR
valueswith soE hdexgroperties,West University Avenue Champaign, lllinois: Ara,Inc,2001.
Svrikaya, O.and Soycan, Y.T. (2009). Estimation of compaction parameters of fine-grained soils
using Artificial Neual Neaworks. 2nd |nternational Conference on New Developments in Soil
Mechanics and Geotchnical Engineering. Near East University, Nicosia, North Cyprus.
Ramasulbaro, GV. and Sva Sanker, G(2013) Jadan Jou nal of Qvil Engineering, Volume 7, No. 3.
Ramasulbaro, GV. and Sva sanker, G.Predicting sogked CBR value of fine grained soils using
index andcompaction characterigdics,Jordan Journal of civil engineering, Volume 7,N0.32013
Zelalem W. (2010) Prediction of California Bearing Ration (CBR) valuesfrom index properties of
soil. M. Sc. Thess AAU,AAIT, Ethiopia.

Douglas,CM. and Geage, CR, Applied Satistics and Probability for Engineers, Thrd Edition
John Wiley& SonsInc., USA, 2003

Belete A. (2017), Correlation of CBRvalueswith index Properties of soilsin Sululta Town, M.&.
thesis,AAUT,AAIT, Ethiopia.

CIRIA lateritic in road pavemerts. Construction Industry Research and Information Associaion
special publication 47, TRRL,London, 1988.

55|Page



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

APPENDIX Aand B: Details of the SPSS Analysis Output
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Appendix A: Multiple Regression Analysis for coarse grained soils

Model 1: Correl ation between CBR with MDD and OMC

Model Summary

Model |R R Square Adjusted RSquare Sd. Error of the Estimate
1 857a |.735 .708 1.39879
a.Predictors: (Constant), OMC, MDD
Coefficients
Sandardized
Unstandardized Coefficients Coefficients
Model B Sd. Error Beta T Sg.
1 (Constant) [-52.874 |13.980 -3.782 |.001
MDD 35014 |7.091 1.278 4938 |.000
OMC 278 143 503 1944 |.066

a.Dependent Variable: CBR

Model 2: Correl ation between CBR with MDD, OMCand LL

Model Summary

Model |R R Suare Adjusted RSquare Sd. Error of the Estimate

1 913a 834 808 1.13489

a.Predictors: (Constant), LL, MDD, OMC

Coefficients

Unstandardized Coefficients Sandardized Coefficients

Model B Sd. Error Beta T Sg.

1 (Constant) -48.672 11411 -4.265| .000
MDD 35.100 5.753 1.282| 6.101| .000
oMC 392 121 .710| 3.245| .004
LL -124 037 -375|-3.374| .003

a.Dependent Variable: CBR

Model 3: Correl ation between LL and Pl

Model Summ ary

Model |R R Suare Adjusted RSquare Sd. Error of the Estimate

1 .705 497 446 1.92804

a.Predictors: (Constant), PI, LL

Coefficients

Unstandardized Coefficients | Sandardized Coefficients

Model B Sd. Error Beta T Sg.

1 (Constant) 17.596 3.097 5.682 000
PL -103 069 -313|-1.506 148
Pl -.265 120 -460|-2.211 039

a.Dependent Variable: CBR
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Model 4: Correl ation between CBR with MDD, OMCand PI

Modal Summary

Model R R Qquare Adjusted RSquare Sd. Error of the Estimate
1 930 866 845 1.02161
a.Predictors: (Constant), OMCPI andMDD
Coefficients
Unstandardized Coefficients | Sandardized Qoefficients
Model B Sd. Error Beta T Sg.
1 (Constant) 127.830 3 42.610| 40.82 .000b
7

MDD 19.830 19 1.044

LL 147.660 22
a.Dependent Variable: CBR
Model 5: Correl ation between CBR with MDD, PP and PI
Model Summary
Model |R R Square Adjusted RSquare Sd. Error of the Estimate
1 917a 840 815 1.11415
a.Predictors: (Constant), MDD, PPand PI
Coefficients

Sandardized
Unstandardized Coefficients | Coefficients

Model B Sd. Error Beta T Sg.
1 (Constant) 124.075 3 41.358| 33.318 .000b

omMC 23.585 19 1.241

LL 147.660 22

a.Dependent Variable: CBR

Appendix B: Multiple Linear Regression Analysis for Fine Grained Soils

Model 16 Correl ation between CBR with MDD and OMC

Model Summary

Model |R R Square Adjusted RSquare Sd. Error of the Estimate
1 923a 853 826 2.38225
a.Predictors: (Constant), OMC, MDD
Coefficients
Unstandardized Coefficients | Sandardized Coefficients

Model B Sd. Error Beta T Sg.
1 (Constant) [-59.253 24.765 -2.393|.036

MDD 39.650 11574 1.215 3.426 |.006

OoMC 263 296 314 887 |.394

a.Dependent Variable: CBR
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Model 26 Correl ation between CBR with MDD, OMCand LL

Model Summ ary

Model |R R Suare Adjusted R Square Sd. Error of the Estimate

1 957 916 890 1.89216

a.Predictors: (Constant), LL, OMC, MDD

Coefficients

Unstandardized Coefficients | Sandardized Coefficients

Model B Sd. Error Beta T Sg.

1 (Constant) -2670 28.592 -093 927
MDD 15491 12.768 A475| 1.213 253
omMC 222 236 265| .940 370
LL -319 117 -.738|-2.727 021

a. Dependent Variable: CBR

Model 36 Correl ation between LL and PI

Model Summary

Model |R

R Juare

Adjusted RSquare

Sd. Error of the Estimate

1 9592

920

905

1.795047

a. Predictors: (Constant), PI, PL

Coefficients
Unstandardized Coefficients | Sandardized Coefficients

Model B Sd. Error Beta T Sg.
1 (Constant) |31.786 |2.180 14584 |.000

PL -407 048 -.728 -8.517 |.000

Pl -423 063 -575 -6.719 |.000
a.Dependent Variable: CBR
Model 46 Correl ation between CBR with MDD and LL
Model Summary

Adjusted R
Model |R R Square Square Sd. Error of the Estimate
1 953 908 891 1.88205
a.Predictors: (Constant), LL, MDD
Coefficients
Unstandardized Coefficients | Sandardized Coefficients

Model B Sd. Error Beta T S9.
1 (Constant) 16.494 19.928 828| 425

MDD 6.810 8.765 209 T77| 454

LL -326 116 -754| -2808| .017
a.Dependent Variable: CBR
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Model 56 Correl ation between CBR with OMCand LL
Model Summary

Model |R R Qquare Adjusted RSquare Sd. Error of the Estimate
1 950 903 885 1.93234
a.Predictors: (Constant), LL, OMC
Unstandardized Coefficients Sandardized Coefficients
Model B Sd. Error Beta t Sg.
1 (Constant) -4.082 21434 -190| .85
MDD 15842 9422 485 1.681| .124
LL -144 146 -332] -980| .350
Pl -.218 121 -240| -1.805| .101

a.Dependent Variable: CBR

Model 66 Correl ation between MDD LL and PI
Model Summary

Model |R R Square Adjusted RSquare Sd. Error of the Estimate

1 965a 931 910 1.71430

a.Predictors: (Constant), MDD,PI, LL

Coefficient

Unstandardized Coefficients Sandardized Coefficients

Model B Sd. Error Beta t Sg.

1 (Constant) -4.082 21434 -190| .85
MDD 15.842 9422 A485| 1681 .124
LL -144 146 -332| -980| .350
Pl -218 121 -240| -1.805| .101

a.Dependent Variable: CBR
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APPENDIX C:Details of the Laboratory Test Results
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Sample No.:1 Sation of Sample: 1+500km, Visual Soil Description: Red brown clay soil

1.SOIL CONSSTENCY TEST RESULT(AASHTO T89,T90
Description 1.1 Liquid Limit ii.%iFt’Iastlc X 63.0
No. of Blows 33 | 28 | 23 | 20 g 000
Can No. 12 | 16 | 22 | 93 [2200] 9600 | § °7.0
Wi. of Can+ Wet Sdl (g) 50.10 | 49.10 | 43.80 | 46.40 | 25.00| 25.60 || © 54.0
Wt. of Can+ Dry Sdl (g) 41.00 | 40.20 | 35.03 | 36.70 | 23.45| 23.75 % 51.0
Wit. of Gontainer (g) 23.20 | 23.80 | 19.10 | 19.70 | 19.10| 18.70 ® 480 ~
Weight of Moisture (g) 9.10 | 8.90 | 8.77 | 9.70 | 1.55 1.85 o '
Weight of Dry Soil (g) 17.80 | 16.40 | 15.93 | 17.00 | 435 | 505 | = 43010 100
Moisture Cantent (%) 51.12 | 54.27 | 55.05 | 57.06 | 35.63 | 36.63 Number of Blows
1.3 Plastic Index(PI)=L L-PL=54-36=18
1.2 Particle size Distri bution(TEST METHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass OIL CLASSIFICATION; A-7-5(3)
2.00mm 335 6.70 93.30 AAHTO USCs ERAsubgrade
0.425 171.8 34.36 58.94 A-2-7-(0) | SH s4
0.075 195.4 39.08 19.86
Total Weight Beforewash 500
1.3.1Moisture Content Deter mination 1.81 ~ MOISTURE DENSITY RELATIONS
Trial No. 1 2 3 4
> | Wt. of Soil+ Mould 8640.0 | 9020.0 | 9285.0 | 9120.0 91,76
& | Wt. OFMould 4960 | 4960 | 4960 | 490 <
& | Vvol. of Mould 2124 | 2124 | 2124 | 2124 S
O | wt. WETSAL (g) 3,680 | 4,060 | 4,325 | 4,160 £1.71 ~
WET density OFSAL 173 | 191 [ 204 | 1.96 | NMC %) / \
1.3.2 Dry Density Determination n 166
Can No. Y w K J X S
W WETSAL +Can. 250.1 | 2328 | 2359 | 222.4 | 2187 o // \
T | DRYSQL+Can 2301 | 2086 | 2087 | 1880 | 2140 | (21 61 /
% | Wt. of Can 260 | 284 229 |_284 | 289
g Wt. of Water(g) _ 200 | 242 | 322 | 344 [ 47
Wt. OFDRYSAL (g) 2041 | 1802 | 1808 | 1506 | 185.1 1.56 ‘ |
W content (%) [ 980 | 1343 | 1781 | 2155 | 254 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
DRY DENSITY OFSOIL (g/ Cm3) 158 | 169 | 173 | 161 MOISTURE CONTENT %
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1.4 CAL IFORNIA BEARING RATIO TEST (AASHTO T-193

4.0 ' '
1.41PENETRATION TEST DATA 35
(mm) DIAL RDG LoAD (kn) [;'/:k LoAD (kn) | DIALRDG | LoAD (kn) 3.0 — —e 10BLOWS
0 0 0 0 0 0 0 =25 /,ff
0.64 10.0 0.169 | 32.0 | 0542 | 52.0 0.880 1;'2_0 v - 30" Blows
127 17.0 0.288 600 | 1.016 89.0 1.507 81 . #{’7”‘
1.91 220 0372 830 | 1.405 120.0 2.032 et /' —— -
254 26.0 0440 11000/ 1693 143.0 2421 1.0 i
318 29.0 0491 |1150] 1947 160.0 2709 o - 4{ /o = [
3.81 320 0542 11230/ 2082 174.0 2 946 “i _A‘,_.J-—";'
4.45 35.0 0593 11330 2252 188.0 3183 0.0 " w w
5.08 37.0 0626 11380 2336 202.0 3.420 0 254 5.08 7.62
6.35 41.0 0694 11450 2455 213.0 3.606 Penetration Depth (mm)
1.4.2 CBR Value at Sandard
DD | LOAD (KN) | Sandard Load (kN) | CBR (%) | cgR RENSTIVEVS CHRICTRVE
BLOWS | (g/cm3 = -5}
) 254 | 508 | 254 5.08 mm 254 | 508 | (%) S6.50 <
10 147 | 044 | 063 | 1340 20.00 33 | 31 3.3 E; |
30 1.70 11691234 | 1340 20.00 127 1 117 | 127 51.50 Bd
65 1.73 |1 242 | 342 | 1340 20.00 181 1 171 1 181 | | o o
g 6.50 f...-'""'r
Ring Fador =0.01693kN/ Div (cnoul.SO | =) | ‘ |
From the compaction curve: MDD =1.732 g/cm3 and OMC=17% 1.350 1.450 115?0 165 1.750 1.850
From the Density-CBRCurve at 95% MDD (1.644 g/ cm3): CBR=10.25 y density &/CC)
Sample No.: 2, Location of Sample @ Station 2+500K: Visual Soil Descri ption: red brown clay soil
1.1 SOIL CONSISTENCY TEST REQULT (AASHTOT89' T90) §500 How Qurve
1.1LL PL =
No. ofBlows 34 28 22 16 € 470 \.\
Can No. 2 12 13 22 91 92 8 ’
Wt. of Can+ Wet Sdl (g) 37.40 | 42.90 | 39.50 | 33.30 | 25.60 | 30.80 o \
Wt. of Can+ Dry Sdl (g) 32.20 | 36.90 | 34.80 | 28.80 | 24.20 | 29.30 = 44.0
Wit. of Can(g) 19.80 | 23.30 | 24.40 | 19.20 | 19.60 | 24.40 .g 410 \‘\\
Wt. of Moisture(g) 520 | 6.00 | 470 | 450 | 1.40 | 1.50 s '
Wt. of Dry Soil (g) 12.40 | 13.60 | 10.40 | 9.60 | 4.60 | 4.90
W (%) 41.94 | 44.12 | 45.19 | 46.88 | 30.43 | 30.61 38.0 25
1.3 PI=LL-PL=45-31=14 Number of Blows
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.2 Particlesize Distribu tion(TEST METHOD AASHTOT-88)
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sieve size(mm) weight retained % retained % pass Sdl dassification
2.00mm 26.5 5.30 94.70 AASHTO USGS | ERASubgrade
0.425 236.1 47.22 47.48 A-2-7(0) SM S5
0.075 175.4 35.08 12.40
Total Weight Beforewash 500
1.3 MOISTUREDENSITY RELATIONSHP OF SAL ( AASHTO T-180 METHOD D)
1.3.1 Bulk Density Determination
Trial No. 1 2 3
Wt. Soil+Mould (g) 8820.0 | 9275.0 | 9375.0 | 9150.0
= Wt. of Moild  (g) 4960 4960 | 4960 | 4960
% Volume of Mould (Crr8) 2124 2124 | 2124 | 2124
o Wt. OFWETSAL (g) 3,860 4315 | 4415 | 4,190
WETDENSITY OFSAL (g/Cm3) 1.82 203 2.08 197 | NMC
1.3.2 Dry Density Determination
Can No. M H 35 E
WETSAL +Can (g) 2619 2096 | 199.0 | 2483 | 2483
% DRYSQAL +Can (g) 2452 1894 | 1748 | 2112 | 2366
B Wt. of Can  (Q) 273 26.9 240 252 | 268
g Wt. of Water (g) 16.7 20.2 24.2 371 | 117
WEIGHT OFDRYSQAL (@) 2179 1625 | 1508 | 186.0 | 209.8
W (%) 7.66 1243 | 1605 | 1995 | 558
DRY DENSITY OFSOIL (g/Cm3) 1.69 181 1.79 164
1.4 CALUFORNIABEARING RATIO TEST (AASHTO T-193) -
| Load versusignetration
141 PENETRATION TEST DATA :
PENETRATION 10 Blows 30 Blows 65 Blows @
(mm) DIALRDG | LoAD (kn) DIAL RDG LOAD (kn) DIAL RDG LoAD (kn)
0 0 0 0 0 0 0
0.64 15.0 0.254 36.0 0.609 57.0 0.965
1.27 22.0 0.372 68.0 1.151 131.0 2.218
1.91 27.0 0.457 104.0 1.761 195.0 3.301
2.54 31.0 0.525 126.0 2.133 261.0 4.419
3.18 34.0 0.576 145.0 2.455 288.0 4.876
3.81 37.0 0.626 160.0 2.709 327.0 5.536
4.45 40.0 0.677 173.0 2.929 361.0 6.112
5.08 43.0 0.728 184.0 3.115 385.0 6.518
6.35 48.0 0.813 200.0 3.386 412.0 6.975




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.4.2 CBR Value at Sandard Loads
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Sandard
LOAD (KN CBR (%
v (KN) Load (kN) 0e) CBR 32.00 65 hiows
BLOWS | (g/cm o
3) 254 | 508 | 254 | 508 | 254|508 | (%) || &7.00
mm | mm mm | mm | mm | mm E’zz.oo
10 153 | 052 | 0.73 |[13.40| 2000 3.9 36 39 m
o17.00 30 blows
30 1.74 | 213 | 312 |[1340|2000| 160 | 156 | 160 e
65 | 1.86 | 442 | 652 |1340[2000331 |326] 331 || & 147
m .
Ring Fador =0.01693kN/ Div 1 17
From the compaction curve: MDD = 1.81 glc m3 and OMC= 13.6% 1.450 1.550 Sf?/sgensityl(gijc?c) 1.850
From the Density-CBRCurve at 95% MDD (1.72 g/cm3): CBR=14.7
Sample No.:3 Location of Sample @ Station 3+000Km, Visual Soil Descri ption: brown clay soil
1.1 SOIL CONSISTENCY TEST REQULT (AASHTO T89' T90) s How Qurve
> 62.0
1.1LL PL =
5 60.0
No. of Blows 35 29 24 19 Q
Can No. 14 | 78 | 96 | 97 B DD & 58.0 {
Wt. of Can+ Wet Sdl (g) 51.50 | 49.42 | 46.46 | 52.21 | 28.58 | 31.71 g 56.0
Wt. of Can+ Dry Sdl (g) 41.83 | 40.66 | 36.84 | 40.40 | 26.08 | 29.40 | | 554
Wt. of Can(g) 23.58 | 24.21 | 19.53 | 20.26 | 20.31 | 23.99 | | @ 520 o
Wt . of Moisture (g) 9.67 | 876 | 9.61 | 11.80| 2.50 | 2.31 § ' \\
Wt. of Dry Soil (g) 1826 | 16.44 | 17.32 | 20.15 | 5.77 | 5.41 50.0 N
W (%) 52.95 | 53.28 | 55.50 | 58.58 | 43.25 | 42.61 48.0
Plastic Index(Pl)=L L-PI=56-43=13 10 Number of Blows 100
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Aassfication
2.00mm 15 3.00 97.00 AASHTO Uscs ERASUBGRADE
0.425 95 19.00 78.00 A-7-5(9) MH S3
0.075 50 10.00 68.00
Total Weight Beforewash 500
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1.3 MOISTUREDENSITY RELATIONSHP OF SAL (AASHTO T-180 METHOD D)
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1.3.1 Moisture Content Determination 1.57 ISTURE NSITY RELAT
TRIAL No. 1 2 3 4
> Wt OFSAL +Mould (g) 83450 | 8885.0 | 9015.0 | 8755.0 81.52
g Wt. of Mould (g) 4960 | 4960 | 4960 | 4960 SE® re ~
& Vol. of Mould  (Cnr8) 2124 | 2124 | 2124 | 2124 > //’ \\
a Wt of Wet Soil (g) 3385 | 3925 | 4055 | 3795 ('% 1.47 / N\
WET DENSITY OFSAL (g/Cm3) 159 1.85 191 179 | NMC > // \\
1.3.1 dry Density Determination a) 142 / \
Can No. J C G T | > / \
W WETSAL +Can__ (q) 233.7 | 2188 | 2030 | 2130 | 2185 ) /
& DRYSAL+Can _ (q) 2035 | 1831 | 1648 | 166.8 | 2014 1.37
7 Wt. ofCan () 26.9 275 | 284 277 | 284 b
g Wt. OFWATER (Q) 30.2 357 | 382 462 | 171 132
Wt.OFDRYSAL (g 1766 | 1556 | 1364 | 1391 | 1730 i N . G, ‘28 o
w (%) 1710 | 2294 | 2801 | 3321 | 988 ‘
DRY DENSITY OFSOIL ( g/0m3) 136 150 1.49 134 IO ORE O NTE NI
1.4 CAUFORNIABEARING RATIO TEST (AASHTO T-193) 50 : :
1.41PENETRATION TEST DATA '
PENETRATION 10 Blows 30 Blows 65 Blows
o 4.0
DIAL RDG Loap (kn) DIAL RDG LoaD (kn) DIAL RDG (kn) ==
0 0 0 0 0 0 =30 =
9.0 0.152 38.0 0.643 96.0 | 1.625 f ;'} —+ 10BLOWS
15.0 0.254 61.0 1.033 156.0 2.641 g 20 f/ * 30 " Blows
S 2
21.0 0.356 81.0 1.371 186.0 3.149 .f’ == " 60 " Blows
29.0 0.491 88.0 1.490 201.0 3.403 10 }
31.0 0.525 92.0 1.558 208.0 3.521 i /‘ s n @ ]
= =
33.0 0.559 98.0 1.659 217.0 3.674 00 _-_l. -
L] T T T
35.0 0.593 103.0 1.744 225.0 3.809 . '
. 40.0 0.677 | 113.0 1.913 | 2380 4.029 s 2:54 penetration BRpth (m"n) 162
635 440 | 0745 |l 1200 | 2184 || 256.0 | 4.334
BLONS DD LOAD(KN) Standard Load CBR(%) CBR DENSITY Vs CBR CURVE
(g/cm3) || 2.54mm 5.08 2.54 5.08 2.54 5.08 | (%) 8\0,26-00 65 blowsy
10 1.33 0.491 | 0.6772 13.4 20.00 3.68 3.39 || 3.68 r>1 00
30 1.50 1.4898 | 1.91309 | 13.4 20.00 || 11.17 | 9.57 |[11.17 m
65 1.59 3.4029 | 4.02934 || 13.4 | 20.00 | 25.51 | 20.15 |[25.51 816-00
Ring Fador =0.01693kN/ Div gll.OO 30 bibws
From the comp. curve: MDD = 1.51 g/c m3 and OMC= 25% From T 6.00 e
the De-CBR Curve at 95% MDD (1.434 g/ cm3): CBR=7.64 (?) 100 © 10 blows




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Sample No.:4 Location of Sample @ Station 4+000Km, Visual Soil Description: brown silt soll

1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90) °
xX27.0 Fow
LL PL (5 \.\
No. of Blows 33 28 24 17 S 24.0
Can No. 7 8 10 11 12 O
Wt. of Can+ Wet Sdl (g) 75.06 | 78.79 | 74.88 | 76.52 | 45.64 | 45.81 o
Wt. of Can+ Dry Sdl (g) 68.10 | 70.97 | 67.50 | 68.47 | 44.37 | 44.50 2210
Wt. of Can(g) 36.20 | 36.38 | 36.25 | 36.00 | 36.41 | 36.31 g '
Wt. of Moigure (g) 696 | 782 | 7.38 | 805 | 1.27 | 1.31 s
Wt of Dry Soil (g) 31.90 | 34.59 | 31.25 | 3247 | 7.96 | 8.19 18.0
w (%) 21.82 | 22.61 | 23.62 | 24.79 | 15.95 | 16.00 .
BIELL-PL=23-16=¢ | 10 Number of Blows 100
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Aassificaion
2.0mm 15 3.00 97.00 AASHTO | USCS| ERASubgrade
0.425 30 6.00 91.00
0.075 190 38.00 53.00
Total sample beforewash 500 A-4(4) CL
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)1.3.1 Bulk
Density Determination 200 MOISTUREI DENSIT |
TRIAL No. T T 2 [ 5 [ 4 RECHRERHCRHEEHHcRRRHRRHGRNCRHRRHREe
> | Wt. OFSQL +Mould (g) Wa 8840.0 | 9435.0 | 9590.0 | 9355.0 1.95 bl TN
g | WL of Mould(g) W; 4965 | 4965 | 4965 | 4965 ; p \\\
& | Vvol. of Mould (Cn#) V 2124 | 2124 | 2124 | 2124 / \
O | Wt OFWETSAL (g) Ws=Wi-W> 3875 | 4470 | 4,625 | 4,390 1.90 /
WETDENSITY OFSQL ( g/Cm?) Wq = 182 | 210 | 218 | 207 | NMC / \\
1.3.2 Dry Densty Determination EBS / \
Can No. T E M D J \\
w | WETSOL +Can (9 a 2321 | 2294 | 209.7 | 2083 [ 227.8 > \
5 DRYSAL+Can (g) b 2237 | 2152 | 1906 | 1853 | 226.3 E80
& | WEIGHT OFCan(g) ¢ 382 | 416 | 410 | 407 | 374 =
O | Wt of Water (g) d=a-b 8.4 14.2 19.1 23.0 15 :ﬁ?
= Wt. of Dry Sail (g) e=b-c 1855 | 1736 | 1496 | 1446 | 1889 S
W (%) m= 453 | 848 | 1277 | 1591 | 079 | | &S
DRY DENSITY OFSOIL ( g/Cm3) Da= 1.70
Wa/ (100+m)*100 L5 19 |19 . 17/8 ) 3 MOISTURE GONTENT % 13 15 17
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1.4 CAUFORNIABEARING RATIO TEST (AASHTO T-193) 188 Load Vs Penetration :
PENETRATION TEST DATA 8-0
PENETRATION 10 Blows 30 Blows 65 Blows .
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) 7.0
0 0 0 0 0 0 0 Z 6 O :
0.64 24.0 0.406 42.0 0.711 49.0 0.830 S P —e= 10 BLOWS
1.07 36.0 0.804 105.0 1.778 129.0 2184 9 S, e " 30 " Blows
1.91 40.0 0.893 158.0 2.675 200.0 3.386 o 4 'f" ==
254 54.0 0.914 | 201.0 || 3.403 266.0 4.503 3 /. =—C 60" Blovg
3.18 60.0 1.016 234.0 3.962 320.0 5.418 o %
3.81 63.0 1.067 260.0 4.402 341.0 5.773 E Sr_— Lo
4 45 AR 0 1.117 285 0 4.825 3720 6.298 10{.;/? '\ : s r'
5.08 72.0 1.219 | 300.0 5.079 395.0 6.687 0.0 7| n I
L 762 88.0 1.490 345.0 5.841 456.0 7.720 0 2.5%enetrati® .D8pth(mm)7.6
[ 0
LOAD Sandard L oad CBR (%) BR 45.00
BLOWS [ DD(g/Cm3) | 254 | 5.08 | 2.54 5.08 254 | 5.08 S
mm | mm | mm mm Mm || mm E:’ - 65 lghows
10 1.71 0911]122 1340 20.00 6.9 6.1 6.9 8
30 1.89 3401] 508 | 1340 20.00 255 | 254 | 255 S 25.00 30 blows
65 1.98 450 ] 669 | 1340 20.00 338 | 334 | 338 <
n
Ring Fador =0.01693kN/ Div 5.00 ® 10bl ‘ ‘
From the compaction curve: MDD =1.972 g/cm3 and OMC= 10.3% ' ‘ :
From the Density-CBRCQurve at 95% MDD (1.873 g/ cm3): CBR= 23.8 1.700 1.800Dry denslt9d9@/cc) 2.000

SampleNo.:5 Location of Sample @ Station 5+500Km, Visual Soil Descri ption: Dark clay soll

1.1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)
LL PL £37.0
No. of Blows 31 29 23 19 =36.0
Can No. 14 | 12 16 F2 7 18 =
WL of Can+Wet SAl ()= | 15 45 | 44.10 | 46.80 | 40.88 | 25.79 | 27.87| | §°°0
(W2) S334.0
Wt. of Can+ Dry 37.74 | 38.86 | 40.87 | 35.39 | 24.28 | 26.22 pt
Wt of Can(g) = 23.56 | 23.23 | 23.81 | 19.91 | 18.17 |19.71| | 5330
Wt. of Moisture (g) = 468 | 524 | 592 | 549 | 152 | 1.65 .g32-0
Wt. of Dry Soil (g)= 14.19 | 15.63 | 17.06 | 1549 | 6.10 | 6.52 s31.0
w (%) = 33.01 | 33.50 | 34.71 | 35.43 | 24.86 | 25.30 30.0
PI=LL-PL=34-25=9

How Qurve

~_

T

N

~

Number of Blows
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1.2 Particle size Distrib ution(TEST METHODAASHTOT-88)

sieve size(mm) weight retained % retained % pass Soil assification
2.0mm 11 2.20 97.80 AASHIO USCS | ERASubgrade
0.425 175 35.00 62.80
0.075 135 27.00 35.80
Total 500 A-4(0) SM S5
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
1.3.1 Bulk de nsity determination ~
TRIAL No. 1 2 3 4 7 N
> [ Wt of Sail + Mouldg) Wi 8719.0 | 9290.0 | 9459.0 | 9696 \
@ | Wt of Mould (g) W, 4955 | 4955 | 4955 | 4955 / \
w Vol. of Mould (Cng) V 2124 2124 2124 2124 / \
O | Wt of Wet Soil (g) Ws=Wi-Wa 3,764 | 4335 | 4504 | 4241 /
WET DENSITY OFSAL ( g/ Cn#) Wa = 1.77 204 | 212 | 200 | NMC // \\
Can No. 14 N 23 1 E / \
W |_WETSOL+Can(g a 1712 | 2066 | 2001 | 1850 | 1945 \
= DRYSQL +Can (g) b 1619 | 1894 | 1776 | 1609 | 1895
B | Wt of Can(g) c 287 275 | 280 | 275 | 268
g Wt. of Water (g) d=a-b 9.3 17.2 225 24.1 50
Wt . OFDRY SAL (g) e=b-c 1332 | 1619 | 1496 | 1334 | 162.7
w (%) m= 698 | 1062 | 1504 | 1807 | 3.07
DRY DENSITY OFSOIL ( g/Cm3) D 1.66 184 | 184 | 169
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoaD (kn) DIALRDG | LoAD (kn) DIALRDG | LoAD (kn) g
0 0 0 0 0 0 0 ==
0.64 8.0 0.135 25.0 0.423 30.0 0.508 % 10 BLC
1.27 160 | 0271 [ 60.0 | 1.016 | 63.0 | 1.067 = =
1.91 26.0 0.440 97.0 1.642 117.0 | 1.981 i =
2.54 34.0 0.576 125.0 2.116 162.0 | 2.743 2z 0"B
3.18 40.0 0.677 146.0 2.472 182.0 | 3.081
3.81 43.0 0.728 157.0 2.658 196.0 | 3.318 2 B ¥ "
4.45 46.0 0.779 169.0 2.861 221.0 | 3.742 éé} | —
5.08 51.0 0.863 178.0 3.014 240.0 | 4.063
6.35 54.0 0.914 191.0 3.234 270.0 | 4.571
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LOAD Sandard 0
(KN) Load(KN) CBR (A)) BR S5 bIG‘v"@—
BLOWS | DD(g/Cm3) 0
254 |508| 254 | 508 [254| 508 | (%)
30 blaws
mm [ mm [ mm mm | mm | Mm
$12.80
10 1.61 058(086|1340|2000( 43 | 43 4.3 E’
30 1.75 212 |301(1340|2000|159| 151 | 159 8 7.80
65 1.89 274|406 |13.40|20.00|206| 203 | 206 3
= — . & © 10 blows | | | | |
ing Fador =0.01693kN/ Div < 2.80 ‘ ‘ ‘ ‘ ‘ ‘
From the compaction curve: MDD = 1.88 g/cm3 and OMC= 13% (?) 1.590 1.640 1.690 1.740 1.790 1.840 1.890
From the Density-CBRCQurve at 95% MDD (1.786 g/ cm3): CBR=17.3 Dry density (g/cc)
Sample No.:6 Location of Sample @ Station 7+000Km, Visual Soil Description: brown clayey soill
1.1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)
Description LL PL 64.0 Flow Curve
No. of Blows 35 29 23 18 '
Can No. 96 13 17 78 92 1 62.0 \
Weight of Can+
Wet Soil (g) = (W2) 63.20 | 63.90 | 6520 | 70.50 |42.30|4230|| 9 0.0 \\
Weight of Can+ =
Dry Soil (g) = (W2) 53.33 | 53.96 54.28 57.25 | 40.73 | 40.76 g 58.0 N\
Weight of Can(g) 35.90 | 36.30 | 36.10 | 35.90 | 36.40 | 36.50 8 56.0 J\.\
Wt. of Moisture
(@)= (Wi-W2) =A 9.87 | 9.94 10.92 | 13.25 | 1.57 | 1.54 g 54.0 \\
Wt. of Dry Soil (g) 1)
— (Wa-Wa) =B 17.43| 1766 | 1818 | 21.35 | 433 | 426 || S 520
w (%) 56.63 | 56.29 | 60.07 | 62.06 | 36.26 | 36.15 | | = 10 100
PI=LL-PL=59-36=23 Number of Blows
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil assification
2.0mm 9.6 1.92 98.08 | AASHIO | USCS ERASubgrade
0.425 62.7 12.54 85.54
0.075 117.9 23.58 61.96
total 500 A-7-5(8) MH S3
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1.3.Bulk Density Determination

TRIAL NUMBER 1 2 3 4 5
> [ Wt of Soil + Mould (g) 7900.0 | 85165 | 9013.2 | 88152 | 8625.1
g | WL of Mould (g) W; 4970 | 4970 | 4970 | 4970 | 4970
i Vol. ofMould (CnB) V 2124 2124 2124 2124 2124
QO "Wt of Wet Sail (g) W 2930 | 3547 | 4043 | 3845 | 3,655
WETDENSTY OFSAL(g/Cm3) W4y 1.38 1.67 1.90 1.81 1.72 NMC
Can No. 23 1 4 (@) T N
w | WetSoil+Can(g) 2522 | 2548 | 1964 | 2037 | 2102 | 2649
% | Dry Soil+Can (g) 2305 | 2217 | 1662 | 1654 | 1654 | 2532
B Wt. of Can(g) ¢ 409 385 414 382 409 | 406
O | Wtof Water (g) d=ab 217 | 331 | 302 | 383 | 448 | 117
= Wt. of DRYSAL (g) e 189.6 183.2 124.8 127.2 1245 | 2126
W (%) 11.45 18.07 24.20 30.11 35.98 550
DRY DENSITY OFSOIL ( g/Cm3) 1.24 141 153 1.39 1.27
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) s | Lo (kn) DIAL RDG ?ﬁﬁ? DIAL RDG LoAD (kn) -
0 0 0 0 0 0 0 - —e 10BL
0.64 17.0 0.288 25.0 0.423 35.0 0.593 F —
1.27 21.0 0.469 51.0 0.863 76.0 1.287 S — =
1.91 26.0 0.581 67.0 1.134 115.0 1.947 . “60"B
2.54 35.0 0.593 80.0 1.354 160.0 2.709 - :
3.18 38.0 0.643 89.0 1.507 175.0 2.963 —F ﬁl 1 r Fr r
3.81 39.0 0.660 99.0 1.676 192.0 3.251 c== = =i
4.45 40.0 0.677 107.0 1.812 212.0 3.589
5.08 41.0 0.694 111.0 1.879 225.0 3.809
7.62 44.0 0.745 132.0 2.235
DD(g9 | LOAD (KN) | Standard Load CBR (%) CBR
BLOWS | /Om3 o
) 254 1508 | 254 5.08 2.54 508 (%)
134
10 1.36 | 059 | 0.69 0 20.00 44 35 44
134
30 150 | 135 {188 0 20.00 10.2 94 10.2 30 blgws
134
65 159 | 271 | 381 0 20.00 20.3 19.0 20.3

Ring Fador =0.0169KN/ Div
From the compactlon curve: MDD =1.53 g/C m3 and OMC= 24%
From the Density -CBRCurve at 95% MDD (1453 g/ cm3); CBR= 7.7
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SampleNo.:7 Location of Sample @ Station 8+000Km, Visual Soil Descri ption: Reddish brown sil ty soll

1 SOIL CONSISTENCY TEST RESULT (TEST METHOD AASHTOT89' T90) N
1.1LL PL = 65.0
No. of Blows 35 28 23 18 9 62.0
Can No. 22 18 16 12 DD | D3 ||§
Weight. of Can+ Wet O 590
Sal () = (Wa) 31.56 | 36.33 | 39.85 | 37.80 | 29.51 | 24.21 o >
Weight. of Can+ 2 56.0
Dry Soil (g) = (W) 27.09 | 30.25 | 33.89 | 32.29 | 27.83 | 22.75 _g :
Wt. of Can(g)= 19.14 | 19.72 | 23.82 | 23.24 | 23.97 [ 19.36 || S 530
Wt. Moisture (g) 4.47 | 6.08 5.96 551 | 1.68 | 1.46
Wt. of Dry Soil (g) 7.94 | 10.54 10.07 9.04 3.86 | 3.40 50.0
W(%) 56.28 | 57.65 | 59.18 | 60.90 | 43.49 | 42.84 10 100
Pl=LL-PL=59-43=15 Number of Blows
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil Aassificaion
2.0mm 1 0.20 99.80 | AASHIO | USCS | ERASubgrade
0.425 138 27.60 72.20
0.075 106 21.20 51.00
total 500 A-7-5(4) MH S4
1.3.1 Moisture content determination MOISTURE DENSITY RELATIONS
TRIAL NUMBER 2 3 2 5 1.45 BEEBEREEREEE
W. of Soil + Mould (g) W1 82180 | 8634.0 | 8953.0 | 8486.0 P \
& | Wt ofMould (g) W2 4955 | 4955 | 4955 | 4955 840 pd \
% Vol. of Mould (Cre) V 2124 | 2124 | 2124 | 2124 o // \
>- / A}
O 1 Wt. of Wet Soil(g) Ws= 3263 | 3679 | 3998 | 3531 535 V.d \
WET DENSITY OFSAL( g/Cm3) W4y 154 1.73 1.88 166 | NMC < / ‘x
Can No. 13 C W 15 5 £30 / \
WETSQAL +Can(g) a 2056 | 1752 | 1864 | 1802 | 2053 T / \
g DRYSQL+Can (g) b 1718 | 1437 | 1478 | 1394 | 1870 o /
F [ Wt ofCan(g) c 281 | 275 | 284 | 287 | 279 1.25 d \
g Wt. OFWATER (g) d=ab 338 315 386 | 408 | 183 \
Wt.OFDRY SAL (g) e 1437 | 1162 | 1194 | 1107 [ 1591 1.20 :
w (%) m= 2352 | 2711 | 3233 | 3686 | 1150 10 2'1 2'3 be 27 29 31 k3 35 3‘7
DRY DENSITY OFSOIL (g/Gm3) Dqg 124 1.36 142 121 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

PENETRATION TEST DATA ! !
PENETRATION 10 Blows 30 Blows 65 Blows = 2.8
(mm) DIAL RDG L(lc(y;')j DIAL RDG L((Iz’;)D DIAL RDG tck”;)D |9 24
0 0 0 0 0 0 o | 1@ el
0.64 7.0 0.119 | 23.0 | 0.389 | 54.0 | 0.914 - i
1.27 10.0 0.169 | 37.0 | 0626 | 950 | 1.608 | |& 1.6 i —e 10BLOWS
1.91 14.0 0.237 | 48.0 | 0.813 | 114.0 | 1.930 | |@ ,/ " 30 " Blows
2.54 16.0 0.271 | 57.0 | 0.965 | 124.0 | 2.099 | | & +2 / i
3.18 19.0 0322 | 650 | 1.100 | 136.0 | 2.302 | [ 0.8 7 — p W3
3.81 20.0 0.339 | 73.0 | 1.236 | 140.0 | 2.370 'é / .
4.45 23.0 0380 | 80.0 | 1354 | 1480 [ 2506 | | 504 0/ % — o o TT*J
5.08 25.0 0.423 | 840 | 1422 | 152.0 | 2.573 00 ==t | ‘ ‘
6.35 27.0 0.457 | 93.0 | 1.574 | 163.0 | 2.760 0 254 PENETRAD®N (mm)  7.62
LOAD (KN) Standard Load CBR(%) DENSITY Vs CBR CURVE
CBR
BLOWS | DD(g/Cm3) [ 254 [ 508 508 | 254 | 508 | (%)
254 65 blews
mm | mm mm | mm | mm
10 1.16 027 042 |(1340|2000| 20 2.1 20
30 1.33 |097| 142 [1340(2000| 72 | 71 | 72 %80
65 1.46 210| 257 | 1340|2000 | 157 | 129 | 15.7 i’
From the compaction curve: MDD =1.44 g/cm3 and OMC= 31% 8 /
X
%.80 ©-10 blows | | : :
. ) .. . DO
Sample No.:8 Location of Sample @ Station 9+500| Visual Soil Description: Dark brown clay soil
1.1 SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90) \o
o
LL PL Ze00
No. of Blows 34 29 24 19 Q 58.0
Can No. B F2 14 35 A2 DV S a0 ~_
Weight. of Can+ 52.88 | 58.34 | 58.11 | 60.64 | 41.83| 42.01 O 0o
Weight. of Can+ 4368 | 49.78 | 49.39 | 51.21 | 40.27 | 40.40 % 4.0 =
Weight. of Can (g) 26.43 | 33.93 | 33.75 | 34.56 | 35.06 | 34.98 Foi ~
Wt. of Moisture 9.20 856 | 872 | 943 | 1.56 | 161 S 50.0
W. of Dry Soil 17.25 | 15.85 | 15.64 | 16.65 | 521 | 5.42 48.0
W(%) 53.33 54.01 | 55.75 | 56.64 | 29.94 | 29.70 46.0
PI=LL-PL=55-30=25 10 Number of Blows 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)

sieve size(mm) weight retained % retained % pass Soil dassificaion
2.0mm 10 2.00 98.00 | AASHIO | USCS ERASubgrade
0.425 30 6.00 92.00
0.075 95 19.00 73.00
total 500 A-7-5(10) CH S4

1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
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TRIAL NUMBER 1 2 3 4 5
i Wt. OFSAL +Mould (g) W1 8655 8835 | 9130 9050 8955
@ Wt. OFMould (g) W2 4965 4965 | 4965 4965 4965
LIDJ Vo. OF Mould (Cn®8)V 2124 2124 | 2124 2124 2124
Wt OFWETSAL (g) Ws= 3,690 | 3,870 | 4,165 4,085 3,990
WET DENSITY OFSAL ( g/Cm3) Wy 1.74 1.82 1.96 1.92 1.88 NMC
Can No. 35 22 17 R M E
WETSAL +CAN(g) a 2575 | 2516 | 243.2 238.7 2176 | 2355
% DRYSAL+CAN (g) b 229.2 | 2195 | 206.0 197.6 177.2 | 231.3
%) Wt.OFCAN(g) ¢ 40.7 38.1 41.0 38.2 41.0 415
Q | Wt OFWATER (g) d=ab 283 | 321 | 372 | 411 | 404 | 42
Wt. OFDRY SAL (g) e=b-c 1885 | 1814 | 165.0 1594 136.2 | 189.8
w (%) m= 15.01 | 17.70 | 2255 25.78 2966 | 2.21
DRY DENSITY OFSOIL( g/Cm3)Dd = 151 155 1.60 153 1.45
PENETRATION TEST DATA
PENETRATION 10 Blows Bl?)(\)NS 65 Blows
(mm) DIALRDG | LoaD (kn) | DIALRDG | LoaD (kn) ';'S'é LoAD (kn)
0 0 0 0 0 0 0
0.64 12.0 0203 | 140 | 0237 | 340 | 0576 == =X ——
1.27 180 | 0402 | 290 | 0491 | 500 | 0.847 ——
1.91 240 | 0536 | 460 | 0.779 | 60.0 | 1.016 e S0
2.54 330 | 0559 | 63.0 | 1.067 | 70.0 | 1.185 g}"’f, 3 & "60"BI
3.18 37.0 0.626 74.0 1.253 | 80.0 | 1.354 & w
3.81 41.0 0694 | 820 | 1.388 | 89.0 | 1.507 ;
4.45 46.0 0779 | 880 | 1.490 | 98.0 | 1.659 ‘
5.08 490 | 0.830 | 940 | 1591 | 104.0 | 1.761
7.62 53.0 0.897 | 111.0 | 1.879 | 1200 | 2.032




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Standard

o
o
S

From the compaction curve: MDD = 1.61 g/cm3 and OMC= 21.8%
From the Density-CBRQurve at 95% MDD (1.53 g/cm3): CBR= 8.1

Dry density (g/cc)

¢ Sk ~  DENSITY Vs CBRCURVE:s piows |
BLows | , PP FOAD I Load RO | cer| S 8.00 S30 biow SEait
(@/Gm3) [ 254 | 508 | 254 | 508 | 254 508 | (%) | & & i
mm | mm mm mm | mm | mm O 6.00 /
©

10 134 | 056 | 083 | 1340 [2000| 42 | 41 | 42 | | @ .49 75 blows
30 151 | 107 | 159 | 1340 |2000| 80 | 80 | 80 S
65 160 | 119 | 1.76 | 1340 |2000| 89 | 88 | 89 | |© 200

: : 0.00 : : : : : ‘

Ring Fador =0.01693kN/ Div 1.300 1.350 1.400 1.450 1500 1550 1.600 1.650

Sample No.: 9 Location of Sample @ Station 10+000Km, Visual Soil Description: Dark brown clay soil

1.SOIL CONSISTENCY TEST RESULT (AASHTOT89’ T90)
76.0
LL PL =
No. of Blows 34 | 29 | 24 | 17 € 74.0 SN
Q o N_ o
Can No. 2 3 94 98 97 IR=
Weight of Can + Wet Sdil 51.88 [ 50.45 | 50.06 | 50.43 [ 28.16 [ 24.66]| § 72.0 -
Weight Can+ Dry Sdl (g) 38.57 | 37.80 | 38.86 | 30.40 | 26.87 [23.07] -0 N
Weight of Can(g) = (W) 19.40 [ 20.20 | 23.60 | 24.40 [ 23.80 [19.30| 5 ' o .
Weight of Moisture(g) =(W1 13.31 | 12.65| 11.20 11.03 | 1.29 | 159 || % 68.0
Weight of Dry Sdl (g) = (W2- 19.17 | 17.60 | 15.26 15.00 | 3.07 | 3.77 || ©
w (%) =(A/ 69.43 | 71.88 | 73.41 | 7355 | 42.02 | 42.18 || = 66.0
PISLL-PL=72-42=30 10 Number of Blows

1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)

100

sieve size(mm) weight retained %retained | % pass Soil Qassificaion
2.0mm 10 2.00 98.00 AASHTO | USCS| ERASubgrade
0.425 32 6.40 91.60
0.075 90 18.00 73.60
total 500 A7-5(14) | MH S2
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.3.1 Bulk Density Determination

TRIAL NUMBER 1 2 3 4
Wt. OFSAL +MOULD (g) W1 8740.0 | 8910.0 | 8970.0 | 8840.0
= Wt. OFMOULD (g) W2 4970 | 4970 | 4970 | 4970
% Vol. OFMOULD (Cn#) V 2124 2124 2124 2124 j &5 N
O | Wt OFWETSAL (g) Ws=Wi-W, 3,770 | 3940 | 4000 | 3870 /
WETDENSITY OFSAL (g/Cm3) Wq =Wa/V 1.77 1.85 1.88 1.82 NMC /ﬂ
CAN NO. 14 18 F \% 12.000 J
WETSAL +CAN (g a 225.6 204.8 208.6 212.6 2245
% DRY SAL+CAN (g) b 1826 | 166.0 | 1609 | 161.3 | 2057
B Wt. OFCAN(g) ¢ 25.2 28.3 275 27.6 23.7
g WT.OFWATER (g) d=a-b 430 | 388 | 477 | 513 | 188
Wt. OFDRY SAL (g) e=b-c 1574 137.7 1334 133.7 182.0
w (%) m=(d/e)*100 27.31 28.18 35.76 38.37 10.33
DRY DENSITY OFSOIL( g/Cm3 ) Da= Wa/ (100+m) 139 | 145 | 139 | 132
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIALRDG | LOAD (kn) DIAL RDG tﬁﬁ? DIAL RDG LoAD (kn)
0 0 0 0 0 0 0
0.64 9.0 0.152 10.0 0.169 13.0 0.220
1.27 13.0 0.220 14.0 0.237 17.0 0.288 = —
1.91 17.0 0.288 18.0 0.305 22.0 0.372 g
2.54 22.0 0.372 24.0 0.406 27.0 0.457
3.18 24.0 0.406 26.0 0.440 29.0 0.491
3.81 26.0 0.440 28.0 0.474 32.0 0.542
4.45 27.0 0.457 30.0 0.508 35.0 0.593
5.08 28.0 0.474 33 0.559 37.0 0.626
7.62 33.0 0.559 37.0 0.626 45.0 0.762
LOAD Sandard Load | CBR (%)
DD (KN) CBR
BLOWS 1 (¢ am3) 254 | 508 (%)
254 | 5.08 ' ) 254 | 5.08
mm
10 1.27 037 | 047 (1340 20.00 2.8 24 2.8
30 1.41 041 | 056 (1340 20.00 30 2.8 30 30 bl@ws
65 1.45 | 046 | 063 [1340] 2000 [ 34| 31 | 34 & 15 hiows.
Ring Factor =0.01693kN/ Div
From the compaction curve: MDD = 1.51 g/cm3 and OMC=30.7%
From the Density-CBRQurve at 95% MDD (1.434 g/cm3): CBR=3.25
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
Sample No.: 10 Location of Sample @ Station 11+000Km, Visual Soil Descri ption Reddish clay soll

1 SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
LL PL
S cap |
No. of Blows 33 29 24 19 < 63.0 \.'Lﬁ\.
CanNo. 98 15 18 17 F2 1 S 00 ~—
Weight of Can+ 4550 | 47.77 | 43.09 | 46.41 | 25.78 | 25.34 ‘g’ :
Weight of Can + 35.83 | 38.80 | 3411 | 37.42 | 2413 | 2368 | © 270
Dry Soil (g) = (W2) o 540
Weight of Can(g) 19.93 [ 24.36 | 19.71 | 2317 | 19.91 [ 19.38| | 3 °™
(7))
Wt. of Moisture (g) 967 | 896 | 899 | 899 | 166 | 1.66 g 51.0
Wt. of Dry Soil (g) 15.90 | 14.44 | 1439 | 1425 | 422 | 4.29 48.0
w (%) 60.84 | 62.07 | 62.46 | 63.11 | 39.26 | 38.77 45.0 10 100
PI=LL-PL=62-39=23 AV.P 39.
Number of Blows
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 0 0.00 100.00 | AASHIO | USCS ERASubgrade
0.425 35 7.00 93.00
0.075 248 49.60 43.40
Total 500 A-7-5(5) SM S2
| I I A v |
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D) MOISTURE DENSITY RELATIONS
13.1
TRIAL NUMBER 1 2 3 4 5
> Wt. OFSAL +MOULD (g) Wi 8354 | 8597 | 8899 | 8911 | 8771 1.42
g Wt. OFMOULD (g) W2 4955 4955 4955 4955 | 4955
w Vol. OFMOULD (Qm3) V 2124 2124 2124 2124 | 2124
O "Wt OFWETSQL (g) Wa=Wi- 3399 | 3642| 3944 | 3,956 | 3816
WETDENSITY OFSAL ( g/Cm3) Wqg 160 | 171 | 186 186 | 1.80 | NMC
CAN NO. 22 12 (e} G 47 N 1.32
WETSAL +CAN (g) a ### | 1748| 1945 | 1892 | 167.1 | 1708 =
% DRY SAL+CAN (g) b #u## | 1472| 1563 | 1499 | 1283 | 156.1 o
| Wt OFCAN(g) ¢ 268 | 284 | 277 | 267 | 271 | 276 >
O [ Wt. OFWATER (g) d=ab 270 | 277 | 382 | 393 | 388 | 147 91.27
Wt. OFDRY SAL (g) e=b-c #uu# | 1188| 1286 | 1232 | 1012 1285 m 20 23 29 32 35 38
0,
w (%) m= 2058 | 2328| 2969 |31.90 | 3837|1147 > MOISTURE CONTE'\T 2
gy
DRY DENSITY OFSOIL (g/Cm3) Dd= 133 | 139 | 143 141 | 1.30 23
7
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA

| |
PENETRATION 10 Blows 30 Blows 65 Blows ig
(mm) DIALR LoAD (kn) DIAL RDG LoaD (k | DIAL LOAD % 21 6
0.64 8.0 0.135 140 | 0.237 | 18.0 |0.305 n¥ia
2 :
1.27 14.0 0.237 220 | 0372 | 27.0 |0.457 S % 1.2 . — s TOBLOWS
1.91 21.0 0.356 320 | 0542 | 350 |0.593 = 1.0 T
Ewn -~ ] =30-"Blows
2.54 27.0 0.457 40.0 0.677 | 45.0 |0.762 Za 0.8 == s * !
3.18 32.0 0.542 53.0 | 0.897 | 57.0 |0.965 > 06 e v * —  "60"Blows
3.81 360 | 0609 | 600 | 1.016 | 62.0 |1.050 0.4 e
0.2 | # ﬁ-"
4.45 41.0 0.694 66.0 1.117 | 71.0 | 1.202 00 L | | |
5.08 45.0 0.762 71.0 1.202 | 82.0 |1.388 '
0 2.54 7.62
6.35 51.0 0.863 790 | 1.337 | 930 [1574 PENETRR'PI%N ('\ﬁm)
LOAD (kN | Xandard BR %) | g | |20 3 65 blows
BLOWS DD 4
(9/Om3) | 254 | 508 254 5.08 [ 254 |5.08 | (%) g 30 bl@awvs
mm mm mm mm mm mm O
10 1.33 046 [ 0.76 | 1340 [ 2000| 34 | 38 | 34 8
30 1.46 068 (120 1340 |2000| 51 | 60 | 51 Acﬁ(g;v,_so
65 | 1.54 | 0.76 | 1.39 | 1340 [2000| 57 | 69 | 57 | | & ©10 blows
Ring Fador =0.01693kN/ Div 2.80 1 1 1 1
From the compaction curve: MDD = 1.44 g/c m3 and OMC= 28.3% 1.310 1.360 1.410 .1.460 1.510 1.560
From the Density-CBRQurve at 95% MDD (1.368 g/ cm3): CBR= 3.85 61ry denSI%y Fg/cc)
SampleNo.:11 Location of Sample @ Sation 12+000Km, Visual Soil Descri ption: Reddish brown clay soll
1 SOIL CONBISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
Liguid Limit Plastic Limit 68.0
No. of Blows 33 29 24 19 65.0
Can No. 16 3 97 2 2 % || \
Weight of Cang& 44.72 | 39.32 42.67 44.40 | 32.00 | 26.30 | | +=62.0 .
Weight of Can+ 36.91 | 31.77 34.07 34.78 | 29.80 | 24.32 | | 85q g \'\;
Weight of Can(g) 23.82 | 19.31 20.24 1975 | 2437 | 1951 || & N~
W, of Moisture 7.80 7.55 8.59 962 | 220 | 108 ||©56.0
Wt. of Dry Soil 13.10 | 12.47 13.84 15.03 | 5.43 | 4.81 =53.0
w (%) 17
= (A/ B)X 100 59.57 | 60.53 62.09 63.99 | 40.50 | 41.15 | |-250.0
Plastic (PI)=L L-PL=62-41=21 AV.PL 41 = 10 Number of Blows 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distribution(TESTMETHOD AASHTOT-88)

sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 0 0.00 100.00 | AASHTO | USCS ERASubgrade
0.425 125 25.00 75.00
0.075 227 45.40 29.60
total 500 A-2-7(2) SM S3
1.3.1
TRIAL NUMBER 1 2 3 4
Wt. OFSAL +MOULD (g) W1 8586 8898 | 8968 | 8844
E Wt. OFMQOULD (g) W2 4955 4955 | 4955 | 4955
w VOL. OFMOULD (Cn®B) V 2124 2124 | 2124 | 2124
o Wt. OFWETSAL (g) Ws=Wi1-W> 3631 | 3943 | 4013 | 3,889
WETDENSITY OFSAL ( g/Cm3) Wy 1.71 1.86 1.89 1.83 | NMC
Can No. 16 Q J H N
WETSQAL +Can (g) a 2038 [ 183.7 | 187.6 | 165.7 [ 170.8
% DRYSAL+Can (g) b 1696 | 151.0 | 149.7 | 129.6 | 156.1
7} Wt. OFCan (g) ¢ 245 270 | 269 | 238 | 276
g Wt. OFWATER (g) d =a-b 34.2 327 | 379 [ 361 | 147
Wt. OFDRYSAL (g) e=b-c 1451 | 124.0 | 1228 | 1058 | 1285
w (%) m= 2355 [ 26.40 | 30.88 | 34.13 | 1147
DRYDENSITY OFSOIL (g/Gm3) Dd 1.38 147 | 144 | 137
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn)
0 0 0 0 0 0 0
0.64 8.0 0.135 14.0 0.237 18.0 0.305
1.27 14.0 0.237 22.0 0.372 27.0 0.457
1.91 21.0 0.356 32.0 0.542 35.0 0.593
2.54 27.0 0.457 40.0 0.677 45.0 0.762
3.18 30.0 0.508 43.0 0.728 48.0 0.813
3.81 33.0 0.559 49.0 0.830 56.0 0.948
4.45 37.0 0.626 55.0 0.931 66.0 1.117
5.08 40.0 0.677 58.0 0.982 69.0 1.168
6.35 48.0 0.813 67.0 1.134 78.0 1.321
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

LOAD Sandard
CBR (%)
sLows |, 0P [ (KN) Load(KN) CBR| <580 65 blovgs
(9/Gm3) | 254 | 508 | 254 | 508 | 254|508 | (%) 1
mm |[mm| mm [ mm | mm | mm 5 30 blaws
10 1.33 | 046 [068]1340[2000] 34 [ 34 [ 34 | (2™
30 1.46 068 | 09813402000 51 | 49 | 51 Y /
65 1.54 0.76 [ 117|1340|2000| 5.7 | 58 | 5.7 g ®
7)) 10 blows
Ring Fador =0.01693kN/ Div 2.80 1 1 ; ;
From the compaction curve: MDD =1.48 g/c m3 and OMC=28% 1.310 1.360 1.410 g 1.?6}) 1.510 1.560
From the Density -CBR Qurve at 95% MDD (1406 g/ cm3): CBR= 4.52 Dry density (g/cc)
SampleNo.: 12 Location of Sample @ Sation 12+500Km, Visual Soil Description: white brown clay soil
1 SOIL CONBISTENCY TEST REQULT (° AASHTOT89' T90)
LL PL
No. of Blows 34 28 24 19 64.0
Can No. F2 | 12 14 1 18 3 S 620 S
Weight of Can+ Wet = ' ®
Sdl (g) = (W1) 43.90 | 52.84 47.12 40.28 24.88 24.80 93 60.0 \
i c
W of Container + Dry | 35 56 | 42.00 | 38.22 | 32.27 | 23.35| 23.17 S 58.0
Weight of Can(g) 19.90 | 23.20 | 23.60 | 19.40 | 19.70| 19.30 e 56.0
Wt. of Moisture(g) = =)
(Wi W2) = A 8.65 | 10.85| 890 | 802 | 153 | 1.3 B 54.0 N
Wt. of Dry Soil (g) = 52.0
(Wo- We) = B 15.36 | 18.80 | 14.62 | 12.87 | 3.65  3.87 > .
w (%) = 56.30 | 57.72 | 60.91 | 62.30 | 41.88 _42.23 10 100
(A7 B)x100 Number of Blows
PI=LL-PL=60-42=18 APL 42
1.2 Particle size Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 35 7.00 93.00 AASHTO | USCS ERASubgrade
0.425 85 17.00 76.00
0.075 270 54.00 22.00
Total 500 A-2-7 (1) SM
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1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)

Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

el N
7 ™
‘!"” ‘K
P \
Peg \
o/ \
-"“ \
AIRRRREAR ”””;;i?' AERRRRR AR AR AR AR RN AR RN EAE AR R R ig""""" RERRIRRRRRRIANR
!"’ \
\
\
g =28
= 3
- 1 A
fj:‘é =105
- —

1.31
TRIAL No. 1 3 4
Wt. OFSAL +MOULD (g) Wi 8430.0 | 8775.0 | 8920.0 | 87700
5 Wt. OFMOULD (g) W2 4955 | 4955 | 4955 | 4955
w Vol. OFMQULD (Cn8) V 2124 2124 2124 2124
Q Wt. OFWETSAL (g) Ws= 3475 | 3820 | 3965 | 3815
WETDENSITY OFSAL ( g/Cm3) Wy 1.64 1.80 1.87 1.80 NMC
Can No. A9 A6 7 A4 A8
" WETSAL +Can(g) a 2221 2149 2120 1994 | 223.2
% DRYSAQL+Can (g) b 183.8 170.1 161.8 149.2 | 1935
5 Wt. OFCan (g) ¢ 269 277 273 283 | 271
g Wt. OFWATER (g) d=ab 383 448 50.2 502 | 297
Wt. OFDRY SAL (g) e=b-c 156.9 1424 1345 1209 | 1664
w (%) m= 2441 31.46 37.32 4152 | 1785
DRYDENSTY OFSOIL (g/Gm3) D4 1.32 1.37 1.36 1.27
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIAL RDG LoAD (kn) DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
0.64 10.0 0.169 20.0 0.339 23.0 0.389
1.27 16.0 0.271 30.0 0.508 37.0 0.626
1.91 20.0 0.339 39.0 0.660 43.0 0.728
2.54 26 0.432 46 0.770 50 0.838
3.18 29.0 0.491 53.0 0.897 58.0 0.982
3.81 33.0 0.559 58.0 0.982 64.0 1.084
4.45 36.0 0.609 63.0 1.067 69.0 1.168
5.08 37.0 0.626 68.0 1.151 72.0 1.219
6.35 45.0 0.762 74.0 1.253 84.0 1.422
BLOWS DD LOAD | Sandard Load(KN) CBR (%) | CBR
(9/Gm3) | 254 | 508 | 254mm 508 | 254 | 508 | (%)
10 1.13 | 043|063 13.40 2000| 32 | 31| 32
30 1.26 | 077|115 13.40 2000| 58 | 58 | 58
65 1.39 | 084|122 13.40 2000| 63 | 61 | 63

Rina Fador =0.01693kN/Div

From the compaction curve: MDD =1.38 g/cm3 and OMC= 33.5%

From the Density-CBRCurve at 95% MDD (1.311 g/ cm3): CBR=6.13

DENSITY Vs CBR CURVE

65 blgws

L

B3 8enkard 1400

1100 1.150 1.20
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

SampleNo.: 13 Location of Sample @ Station13+000Km, Visual Sal Description: Red brown clay soil

1.1 SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
Description LL PL X 80.0
No. of Blows 35 29 |24 19 1= ;Zg N
O . N
Qan No. 94 91 B 2T Oo Dv = 71.0 ~
Weight of Can+ Q i: iEi\
) _ 40.72 | 35.80 | 37.98 | 43.99 | 23.27 | 23.01 O 68.0 ~
Wet Soil (g) = (Wa1) N
Weight of Can+ Sl S
- 32.67 | 29.13 | 30.55 | 34.21 | 22.12 | 21.93 = 62.0 L S
Dry Soil (g) = (W2) *@ 590 ™~
Wt. of Can(g) 19.81 | 19.61 | 20.23 | 21.03 | 19.60 | 19.51 § 56.0
\Wt. of Moisture(g) 8.04 6.67 | 7.42 9.77 1.15 1.08 53:0
Wt. of Dry Soil (g) 12.86 9.52 | 10.33 | 13.18 | 2.52 2.42 50.0 =
0,
w (%) 62.51 | 70.01 | 71.87 | 74.14 | 45.48 | 44.53 10 Number of Blows 100
Pl=LL-PL=75-45=25 APL 45.0
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Classification
2.0mm 4 0.80 99.20 AASHTO USCS ERA Subgrade
0.425 192 38.40 60.80
0.075 209 41.80 19.00
total 500 A-2-7(1) SM S2
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (: AASHTO T-180 METHOD D)
131
TRIAL NUMBER 2
Wt. OFSAL +MOULD (g) W1 84440 | 8769.0 | 8865.0 | 8730.0 ,a..\
g Wt. OFMOULD (g) W2 4955 4955 4955 4955 / \
H VOL. OFMQULD (Cn®8) V 2124 2124 2124 2124 ,‘ \
Wt. OFWETSAL (g) Ws=W:- 3,489 | 3814 3,910 | 3,775 / \
WETDENSITY OFSAL ( g/Cm3) Wy 164 1.80 184 1.78 NMC /
4
Can No. L Vv /
WETSAL +Can(g) a 1926 | 209.0 1932 | 150.7 | 180.9 ’
% DRYSAL+Can (g) b 1606 | 1705 1569 | 1194 | 166.1
%) Wt. OFCan (g) ¢ 283 | 273 279 | 285 | 272
Q | Wt. OFWATER (g) d=ab 320 | 385 | 363 | 313 | 148
Wt. OFDRY SAL (g) e=b-c 1323 | 1432 | 1290 | 909 | 1389
w (%) m= 2421 | 26.89 28.14 | 3443 | 10.66
DRY DENSITY OFSOIL (g/Cm3) Dg=
Wa/ (100+m)*100 132 142 1.44 1.32
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils
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PENETRATION TEST DATA 2.0 : :
PENETRATION 10 Blows 30 Blows 65 Blows % 1.8
(mm) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn) — 1.6
)
0 0 0 0 0 0 0 2 14
zZ_ \
1.27 14.0 0.237 22.0 0.372 27.0 0.457 | |© Z1.0 — - == °
1.91 21.0 0.356 32.0 0.542 35.0 0503 | | 208 /.,'-f‘ﬂ' S = r 30" Blows
2.54 27.0 0.457 40.0 0.677 45.0 0762 | |9 0.6 A e e ® —  "60"Blows
3.18 290 | 0491 | 450 0.762 53.0 0.897 | [ 04 i =
Z 0.2 | S
3.81 33.0 0.559 52.0 0.880 58.0 0982 | |85
00 (- T T T
4.45 36.0 0.609 56.0 0.948 61.0 1.033 A 54 508 62
5.08 40.0 0.677 59.0 0.999 65.0 1.100 PENETRATION (mm)
6.35 48.0 0.813 64.0 1.084 75.0 1.270
5.80 65 blows
(@/Om3) | 254 | 508 | 254 | 508 | 254|508 (%) | & , o9 30 blaws
10 1.33 | 046 | 068 | 1340 | 2000 | 34 | 34 | 34 | @
m
@)
65 154 | 076 | 110 | 1340 [2000| 57 [ 55 [ 57 | |3 10 blows
Ring Fador =0.01693kN/ Div f‘é 280 ; ; ; ;
From the compaction curve: MDD =1.44 g/cm3 and OMC= 29.5% o 1.310 1.360 1 . 1510 1.560
From the Density-CBRCurve at 95% MDD (1.368 g/ cm3): CBR= 3.93 % : : Bdpdensity-46fcc) : i
Sample No.: 14 Location of Sample @ Station 14+000Km, Visual Soil Descri ption: Red brown clay soil
1.90IL CONSISTENCY EST RESULT (TEST METHOD® AASHTOT89' T90)
LL PL 73.0
No. of Blows 35 29 23 19 70.0
Can No. DD 35 7 14 22 12 . PS
Weight of Can+ Wet Sdl(g) 48.33 | 41.53 | 47.46 | 51.38 | 23.21 | 26.89 §67 0 -
Weight of Can+ Dry Sdl(g) 38.91 |32.94 (3557 | 39.95 | 21.86 | 25.68 | | § \
Weight of Can(g) = (W) 23.82 |19.31| 18.20 | 23.56 | 19.12 | 23.24 | | £64.0 =
Wt. of Moisture(g)=A 9.42 8.59 | 11.89 | 11.44 | 1.35 1.22 8 \
Wt. of Dry Soil (g)= B 1509 | 13.63 | 17.37 | 1639 | 2.74 | 2.44 | | @610 \
= >
‘)’Z((log’g) (A7'B 62.39 | 63.05 | 68.43 | 69.81 | 49.38 | 49.75 | | B58.0
L L-PL=66-50= 2 10 100
Pl=LL-PL=66-50=17 AVPL. 49.6 S Number of Blows




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)

sieve size(mm) weight retained % retained % pass Soil Classification
2.0mm 6 1.20 98.80 AASHTO USCS ERASubgrade
0.425 239 47.80 51.00
0.075 167 33.40 17.60
total 500 A-2-7(0) SM
1.3 MOISTURE DENBITY RELATIONSHIP OFSOIL ( AASHTO T-180 METHOD D)
1.31
TRIAL NUMBER 1 2 3 4
Wt. OFSAL +MOULD (g) W1 8330.0 | 8518.0 | 8896.0 | 8804.0
= Wt. OFMOULD (g) Wo 4955 | 4955 | 4955 | 4955
% Vol. OFMOULD (Crr8) V 2124 | 2124 | 2124 | 2124
a Wt. OFWET SQAL (g) Wz = Wi 3375 | 3563 | 3941 | 3,849
WETDENSITY OFSQAL ( g/Cm3) 159 1.68 1.86 181 NMC
Can No. 17 1 T C 23
WETSAL +Can(g) a 2315 2305 | 2057 2024 | 202.9
}g DRYSAQL+Can (g) b 188.9 185.6 1624 1570 | 188.3
B WEIGHT OFCan (g) ¢ 28.2 275 27.7 275 28.0
g Wt. OFWATER (g) d =a-b 426 | 449 | 433 | 454 | 146
Wt. OFDRY SOIL (g) e=b-c 160.7 158.1 134.7 1295 | 160.3
w (%) m= 26.51 2840 | 3215 35.06 9.11
DRY DENSITY OFSOIL (g/Cm3) 1.26 131 140 134
PENETRATION TEST DAT
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIAL RDG LoAD (kn) DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
0.64 10.0 0.169 17.0 0.288 25.0 0.423
1.27 15.0 0.254 25.0 0.423 39.0 0.660
191 20.0 0.339 35.0 0.593 52.0 0.880
2.54 24.0 0.406 48.0 0.813 67.0 1.134
3.18 28.0 0.474 53.0 0.897 76.0 1.287
3.81 33.0 0.559 60.0 1.016 84.0 1.422
4.45 35.0 0.593 67.0 1.134 92.0 1.558
5.08 36.0 0.609 71.0 1.202 101.0 1.710
6.35 41.0 0.694 86.0 1.456 111.0 1.879

84|Page




Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

Standard
LOAD R (% DENSITY Vs CBR CURVE
aLows | PP ° Load(KN) BR™) | 8r| | 980
>
(9/Gm3) | 254 | 5.08 5.08 | 254 |5.08 | (%) <£8.80 65 higws
2.54 mm o
mm | mm mm mm [ mm m7.80
10 1.13 |[041]|061 1340 2000| 30 | 30 | 30 06.80
o 30 blaws
30 129 (081|120 1340 2000| 61 | 60 | 6.1 §5-80
65 | 139 [113]171] 1340 [2000]| 85| 85| 85| | =480 /
n3.80
Ring Fador =0.01693kN/ Div 280 —S 10blews—t— ; ;
From the compaction curve: MDD = 1.41 g/cm3 and OMC= 32.9% 1.100 1.200 30 ] 1.500
From the Density-CBR Curve at 95% MDD (1.339 g/ cm3): CBR= 7.25 ISfy 8en5|ty Egl}gg)

SampleNo.: 15 Location of Sample @ Sation 14+500Km, Visual Soil Descri ption: Red brown clay soil

1.SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)

XX
LL PL < 71.0
No. of Blows 35 27 23 19 %
Can No. B 98 1 96 2 F2 £68.0 ~
Weight Can+Wet S0il(9) | 4764 | 42.83 | 48.76 | 43.04 | 23.10 | 23.06 \
“wl = 65.0
Weight OfCan+Dry Sdl(9) | 3755 | 3388 37.08 | 32.96 | 21.86 | 22.07 | | 2 \
=w2 ©0n62.0
Weight of Can(g) =w3 20.25 | 19.95| 19.40 | 17.96 | 19.12 | 19.91 § 5910 \
W. of Moisture(g) = 10.42 | 895 | 11.68 | 10.07 | 125 | 0.99 '
(wl-w3)=A £6.0
W.of Dry Soil (g) = ( 16.97 | 13.93 | 17.68 | 1501 | 2.74 | 2.16 '
w2-w3)=B 53.0
w (%) = (A/ B )x100 :
61.42 | 64.29 | 66.06 | 67.12 | 45.59 | 45.93 10 100
PI=LL-PL=65-46=19 AV.P 45.8 Number of Blows
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Qassffication
20mm 11.3 2.26 97.74 AASHTO USCS ERASubgrade
0425 116.5 23.30 7444
0.075 205.4 41.08 33.36
total 500 A-2-7(2) SM s3

85|Page




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.3 MOISTURE DENSITY RELATIONSHIP OFSOIL ( AASHTOT-180 METHOD D)

1.31 ISTURE DENS ELATIONS
TRIAL NUMBER 1 2 3 4 5 1.50
> Wt. OFSQAL +MOULD (g) W1 8468.0 | 8774.0 | 8962.0 | 89000 | 8820.0 8
7 Wt. OFMOULD(g) W2 4973 | 4973 | 4973 | 4973 | 4973 S 45
& Vol. OFMOULD (Crr8) V 2124 | 2124 | 2124 | 2124 | 2124 g Pz N
O 'WT. OFWETSQL (g) Ws=Wi-W; 3495 | 3,801 | 3989 | 3927 | 3847 g N\
WET DENSITY OFSAL ( g/Cm3) Wy =Wa/V 165 | 179 | 188 1.85 181 | NMC .40 ,/
Can No. Al A3 A4 A7 25 Q > // \\
WETSQAL +Can(g a 2442 | 2393 | 2000 | 2130 | 1960 | 2220 = / \
% DRYSAL+Can (g) b 2053 | 1955 | 1597 | 1651 | 1498 | 2044 1.35 4 \
% | wt OFcan(g) c 277 | 270 | 268 245 283 | 268 \\\
g Wt. OFWATER (g) d =a-b 389 | 438 | 403 479 462 | 176 130 A
Wt. OFDRY SAL (g) e=b-c 1776 | 1685 | 1329 | 1406 | 1215 | 1776 g :
w (%) m=(d/ e)*100 2190 | 2599 | 3032 | 3407 | 3802 | 991 18 20 22 24 IV%SIS%?JRI%OCOQ’I\%TE%T %6 38 40
DRY DENSITY OFSOIL Dg = Wa/ (100+m)*100 135 | 142 | 144 1.38 131
PENETRATION TEST DATA 2.0 ' '
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIALRDG | LoaD (kn) DIAL RDG LoaD (kn) DIAL RDG LoaD (kn) >
0.64 6.0 0.102 13.0 0.220 16.0 0.271 @) g
1.27 11.0 0.186 23.0 0.389 26.0 0440 | (@S —& 10BLOWS
1.91 16.0 0.271 31.0 0.525 36.0 0.609 | O &0 ——
— = p=— 30" Blows
2.54 20 0.330 39 0.652 48 0.804 Ewn P
3.18 21.0 0.356 43.0 0.728 53.0 0.897 | (£ 85 =t s ® e — "60"Blows
-
3.81 22.0 0.372 48.0 0.813 60.0 1.016 W . ®
4.45 26.0 0.440 52.0 0.880 64.0 1.084 0.0 [-.-‘,---"P : : :
5.08 280 | 0474 | 570 | 0965 69.0 1.168 0 554 : 7 62
6.35 330 | 0559 | 650 1.100 82.0 1.388 PENETRAPON (mm)
(/Cm3) | 254 | 508 | 254 | 508 [254 | 5.08 | (%) <
10 | 115 [033] 047 [1340]2000] 25 | 24 [25] =600 65 blowe
30 1.33 065 | 097 |1340|12000| 49 | 48 {49 8 30 blews
65 1.43 080 | 117 (1340 2000| 60 [ 58 (6.0 54.00
S4.
b /
@
Ring Fador =0.01693kN/ Div B200 ©710 blows |
From the compaction curve: MDD = 1.45 g/c m3 and OMC= 29% j
From the Density-CBRCurve at 95% MDD (1.3775 g/ cm3): CBR=5.44 100 o - 220Dry dl Slty (g}cczso e
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
SampleNo.:16 Location of Sample @ Station 15+000Km, Visual Soil Descri ption: Red brown clay soil

1.S0IL CONSISTENCY TEST RESULT (TEST METHOD' AASHTOT89' T90) 69.0 ‘
LL PL S N
No. of Blows 35 29 24 18 €670 e\ o
Can No. G1 94 17 96 16 Zt £ \
Weight of Can+ Wet Soil(g) = 45.80 | 39.80 | 52.20 | 40.20 | 26.90 | 23.90 | | © 65.0
Weight of Can+ Dry Sdl (g) 35.60 | 32.00 | 40.60 | 31.90 | 26.00 | 23.00 g 63.0 \'\
Weight of Can(g) = (Ws) 19.00 | 19.80 | 23.20 | 19.50 | 23.80 | 20.80 | | 5§ "
Wt. of Moisture(g)= A 1020 | 7.80 | 11.60 | 830 | 0.90 [ 0.90 | | @ g1 ®
Wt. of Dry Soil (g) =B 16.60 | 12.20 | 17.40 | 12.40 | 2.20 | 2.20 §
w (%) = (A/ B)% 61.45 | 63.93 | 66.67 | 66.94 | 40.91 | 40.91 59.0
PL=LL-PL=65-41=24 A.PL 40.9 10 Number of Blows 100
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 30 6.00 94.00 AASHIO | UCS ERASubgrade
0.425 105 21.00 73.00
0.075 104 20.80 52.20
total 500 A-7-5-(11) MH S2
1.3MOISTURE DENSITY RELATIONSHIP OF SOIL ( AASHTO T-180 METHOD D) . o
& 1.53 VIITO I WEINOLT T A TN
TRIAL NUMBER 1 2 3 4 5 1.51
> Wt. OFSAL +MOULD (g) W1 8367 | 8676 | 8810 | 8871 | 8721 849 T
z Wt. OFMOULD (g) W2 4955 | 4955 | 4955 | 4955 | 4955 ?"47 P G
& Vol. OFMOULD (Crré) V 2124 | 2124 | 2124 | 2124 | 2124 Sats V4 N
= Wt. OFWETSAL (g) Ws= 3412 | 3721 | 3855 | 3,916 | 3,766 '5;1.45 v o
WETDENSITY OFSAL ( g/Cm3) 161 | 1.75 | 181 | 184 | 1.77 | NMC zl.43 /' \\
.41 / N\
Can No. 35 2 23 16 22 F > 39 N\
WETSQAL +Can(g) a 2059 | 208.7 | 202.8 | 1780 | 176.6 | 2289 E%' \
% DRYSAL +Can (g) b 1832 | 181.0 | 1727 | 1452 | 1403 | 2180 1.37 \
% [ Wt OFCan(g) c 251 | 271 | 280 | 245 | 267 | 276 1.35 \
g Wt. OFWATER (g) d =a-b 227 | 277 | 301 | 328 | 363 | 109 1.33
Wt. OFDRY SAL (g) e=b-c 158.1 | 1539 | 1447 | 120.7 | 1136 | 1904 1.31 : ;
W (%) 1436 | 18.00 | 2080 | 27.17 | 3195 | 572 13 15 17 19 21 23 25 27 29 31 33 35
DRYDENSITY (g/Cm3) Dg= 140 | 148 | 150 | 145 | 134 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows =z
(mm) DIAL RDG LoaD (kn) DIALRDG | LoaAD (kn) DIAL RDG LoaD (kn) E 15
0 0 0 0 0 0 0 0
0.64 100 [ 0169 | 160 | 0.271 21.0 0356 | |&
1.27 15.0 0254 | 21.0 | 0.356 28.0 0474 | |5 &0 —e 10BLO
1.91 190 [ 0322 | 250 | 0423 36.0 0609 | @< o " 30"B
2.54 230 [ 0389 | 300 | 0.508 44.0 0745 | |9 ¢ ey L ® . "fO"Al
3.8 25.0 | 0423 | 320 | 0542 48.0 0813 | [z Tx X == =
3.81 270 | 0457 | 370 | 0626 53.0 0897 | |Z £ W
4.45 29.0 [ 0491 | 380 | 0643 58.0 0982 | |~ 00 I/F' | | |
5.08 30.0 0.508 40.0 0.677 62.0 1.050 0 254 5.08 7.62
6.35 34.0 0576 | 460 | 0779 71.0 1.202 PENETRATION (mm)
DENSITY Vs CBR CURVE
sows | PP [254[508| 254 | 508 |254]508 | BR| |$8.00 S5
(9/ Om3) %) | IS ows
mm | mm | mm mm | mm | mm o
10 132 (039|051 | 1340 | 2000 | 29 | 25 | 29 8
30 | 151 |051|068] 1340 | 2000 | 38 | 34 | 38 | |00 30 blaws
4 e ——
§ ©-10 blows
Ring Fador =0.01693kN/ Div 2.00 ! 1 | | 1 1
From the compaction curve: MDD = 1.5 g/cm3 and OMC= 21% 1.300 1.350 1.400 1.450 1.500 1.550
From the Density-CBR Curve at 95% MDD (1.425 g/ cm3): CBR= 3.31 Dry density (g/cc)

Sample No.: 17 Location of Sample @ Station 16+000Km, Visual Soil Descri ption: White brown clay soll

1 SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)

_LL PL

No. of Blows 34 29 24 19

Can No. 15 96 18 1 35 91
Weight of Can+ Wet Sdl (g) 47.80 | 39.30 | 45.20 | 41.70 | 26.40 | 26.10
Weight of Can+ Dry Sdl (g) 39.70 | 31.90 | 36.20 | 33.70 | 24.60 | 24.20

Weight of Can(g) 24.30 | 17.90 | 19.70 | 19.30 | 19.90 | 19.50
Wt. of Moisture(g)= A 8.10 7.40 9.00 8.00 1.80 1.90

Wt. of Dry Soil (g) =B 15.40 | 14.00 | 16.50 | 14.40 4.70 4.70

W(%=(A/ B)*100 52.60 [ 52.86 | 54.55 | 55.56 | 38.30 | 40.43

Pl=LL-PL=54-39=15 AV.PL 39.4

88| P

age

58.0
$56.0
S
554.0
0520
3
©50.0
o

=48.0

~

i

~

™~

10 Number of Blows

100




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
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sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 26 5.20 94.80 | AASHTO | USCS ERASubgrade
0.425 89 17.80 77.00
0.075 141 28.20 48.80
total 500 A-7-5(5) SM S4
1.3 MOISTURE DENSITY RELATIONSHIP OFSOIL ( AASHTO T-180 METHOD D)
131
TRIAL NUMBER 1 2 3 4 5
Wt. OFSAL +MOULD (g) W1 8100.0 | 8477.0 | 8820.0 | 89740 | 8817.0
E Wt. OFMOULD (g) W2 4955 4955 4955 4955 4955
% VOL. OFMQULD (Crr8) V 2124 | 2124 | 2124 | 2124 | 2124
o Wt. OFWETSAL (g) Ws=Wi-W2 3145 | 3522 | 3865 | 4,019 | 3862
WET DENITY OFSOIL ( ¢/ Om3) Wa = W3/ V 148 1.66 182 1.89 182 NMC
Can No. 47 N J 12 F 21
WETSAL +Can(g) a 2340 | 1894 | 2003 | 1720 | 168.8 | 200.9
% DRYSAL+Can (g) b 2069 | 1629 | 1681 | 1399 | 1328 | 1935
B Wt. OFCan (g) ¢ 270 275 26.8 28.3 27.6 279
g Wt. OFWATER (g) d=a-b 271 265 | 322 321 360 | 74
Wt.OFDRY SAL (g) e=b-c 1799 | 1354 | 1413 | 1116 | 1052 | 165.6
w (%) m=(d/e)*100 1506 | 1957 | 2279 | 28.76 | 3422 | 447
SOILDRY DENSITY (g/Cm3) Dd=Wad/ (100+m)*100 1.29 1.39 148 147 1.35
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) | DIAL RDG LOAD (kn) DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
0.64 12.0 0.203 25.0 0.423 32.0 0.542
1.27 20.0 0.339 40.0 0.677 52.0 0.880
1.91 25.0 0.423 52.0 0.880 65.0 1.100
3.18 32.0 0.542 70.0 1.185 88.0 1.490
3.81 35.0 0.593 75.0 1.270 95.0 1.608
5.08 43.0 0.728 90.0 1.524 110.0 1.862
6.35 52.0 0.880 95.0 1.608 118.0 1.998




Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

LOAD (KN) | SandardLoad(KN) | CBR (%)
- DENSITY Vs CBR CURVE . hjn0e |
BLows | 20 508 [ 254 254508 | ER S 65 blows
(@/an3) | 254 mm | > 5.08 mm (%) < 9.00
mm mm mm [ mm \o\_/ 30
10 1.32 049 0.73 | 1340 20.00 37 | 36 | 3.7 % 700
30 1.43 1.07 152 | 1340 20.00 80 | 76 | 80 (@)
65 1.62 1.29 186 | 1340 20.00 96 | 93 | 96 3 5.00
X
®©
Ring Fador =0.01693N/ Div & 3.00 | © 10 blows | |
From the compactioncurve: MDD =1.52 g/cm3 and OMC= 25.6% 1.300 1.400 ; 1.600
From the Density-CBR Qurve at 95% MDD (1.444 g/ cm3): OBR= 8.1 Dry density{g/cc)
Sample No.:18 Location of Sample @ Station 17+000Km, Visual Soil Descri ption: brown clay soil
1.SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
LL PL
No. of Blows 35 29 25 19 71.0
Can No. 22 13 94 96 Zt 08 ©
Weight of Can+Wet Sdl (g) = 2, 69.0
34.70 | 44.10| 35.10 | 37.00 | 27.50 | 26.00 | | € \{
(W2) 2 67.0 \
Weight of Can+ Dry Sdl (g) = c \
28.70 | 36.50 | 29.10 | 29.90 | 25.40 | 24.00
(W2) S 65.0 N
Weight of Can(g) = (W) 19.10 [24.50 | 19.80 | 19.50 | 21.00 [ 19.90 | | o 53.0 )
VV\>/2t). of Moisture(g) = (Wa- 6.00 | 760 | 6.00 | 710 | 210 | 200 | | & \
- ____ '3 61.0 N\
W. of Dry Soil (g) = (W2- 9.60 |12.00| 9.30 | 1040 | 440 | 410 | | = N
Ws) =B 59.0
w (%) = (A/ B)x 100 62.50 | 63.33 | 64.52 | 68.27 | 47.73 | 48.78 10 100
Number of Blows
PI=LL-PL=65-48=17 APL 48.3
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil assification
2.0mm 7 1.40 98.60 AASHTO | USCS ERASubgrade
0.425 89 17.80 80.80
0.075 101 20.20 60.60
total 500 A-7-5(12) MH S2
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL ( AASHTO T-180 METHOD D)

131
TRIAL NUMBER 2 3 4 5
. | Wt OFSQOL + MOULD(g) Wi 81420 | 84720 | 8751.0 | 8657.0
= Wt. OF MOULD (g) W> 4955 | 4955 | 4955 | 4955
E VOL. OF MOULD (Cms3) V 2124 | 2124 | 2124 | 2124
Wt. OFWETSAL (g) Ws=Wi- 3187 | 3517 | 3796 | 3,702
WETDENSITY OF SAL ( g/Cm3) Wy 150 1.66 1.79 174 | _NMC
Can No. 17 15 K 14 E
" WETSAL + Gan (g) a 1917 | 1784 | 1447 | 1447 | 1569
x DRYSAL +Can (g) b 165.1 | 1492 | 1192 | 1156 | 1505
5 Wt. OF Can (g) ¢ 28.2 28.7 280 287 | 268
g Wt. OFWATER (g) d=ab 26.6 29.2 255 29.1 6.4
Wt. OFDRYSAL (g) e=b-c 136.9 1205 91.2 86.9 123.7
w (%) m= 1943 24.23 27.96 3349 517
DRYDENSTY (g/On3) Da=W 1.26 1.33 140 | 131
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn)
0.64 6.0 0.102 9.0 0.152 13.0 0.220
1.27 11.0 0.186 16.0 0.271 22.0 0.372 i & 10 BLOWS
1.91 15.0 0.254 23.0 0.389 33.0 | 0.559 e - " 30"B
2.54 210 | 0.356 34.0 0576 | 430 | 0.728 s .= == » i
3.18 23.0 0.389 38.0 0.643 48.0 0.813 S gon ® =
3.81 25.0 0.423 43.0 0.728 52.0 0.880
4.45 28.0 0.474 45.0 0.762 56.0 0.948
5.08 30.0 0.508 49.0 0.830 59.0 0.999
6.35 31.0 0.525 54.0 0.914 66.0 1.117
o oo LOAD (KN) Standard CBR (%) CBR S DENSITY Vs CBR CURVE
(9/ Cm3) 254 |508| 254 | 508 [ 254|508 | (%) - 20
10 1.28 036 [051]1340|2000| 27 | 25 | 2.7 %
30 1.44 058 (08313402000 43 | 41 | 43 8.20 1
65 1.48 0.73 [1.00]1340|2000| 55 | 50 | 55 —§ 1A
Ring Fador =0.01693kN/ Div 9 0 blows
From the compaction curve: MDD = 1.4 g/cm3 and OMC= 29.5% 2.20 — + — :
From the Density-CBRQurve at 95% MDD (1.33 g/cm3): CBR= 3.2 1.26/ 1.310 1369 density1g/cc) 1.460
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
SampleNo.:19 Location of Sample @ Station 20+000Km, Visual Soil Descri ption: Reddish brown clay soll

1.SOIL CONSISTENCY TEST RESULT (TEST AASHTOT89' T90)
LL PL JERRY
P
No. of Blows 35 29 24 f’_,53 0
Can No. 7 16 G DD | 91 o
Weight of Can+ Wet Soil (g) = (W1) 34.59 | 33.48 | 33.67 | 23.96 | 23.71 ‘g’ 51.0
Weight of Can+ Dry Soil(g) = (W2) 30.64 | 28.64 | 28.58 | 22.86 | 22.71 O
Weight of Can(g) = (W5) 23.18 | 19.69 [ 19.37 | 19.82 | 193 049.0
Wt. of Moisture (g) = (W1-W2) =A 3.95 | 484 | 5.09 | 1.10 | 1.00 % 470 NG
Wt. of Dry Soil (g) = (Wz-Ws) =B 747 | 895 | 9.21 | 3.04 | 2.78 5 1 N 160
w (%) = (A/ B)x 100 52.91 | 54.07 | 55.32 | 36.18 | 35.95 | | =450
PI=LL-PL=52-36=19 36 Number of Blows
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil Aassificaion
2.0mm 63 12.60 87.40 | AASHTO | USCS ERASubgrade
0.425 137 27.40 60.00
0.075 152 30.40 29.60
total 500 A-2-7(1) SM S3
1.3 MOISTURE DENSITY RELATIONSHIP OFSOIL (AASHTO T-180 METHOD D) 1.50 IMO|STURE DENSITY RELLA-”ONS
131 : EEEEEEEEEEEEEEEEEE NN EEEE
T RIAL NOVIBER T > 3 2 . EEEEEEEE \\\\\\\\}L\\\ H\J\\}\\\\\\\\\\\\\\\
> | Wt OFSQL +MOULD(g) Wi 8456 | 8787 | 8920 | 8860 91.48 d ™
3 Wt. OFMOULD (g) W> 4955 | 4955 | 4955 | 4955 ;? //' ‘\\
G | VOL OFMOULD (Qms) V 2124 | 2124 | 2124 | 2124 =1.46
O |7 Wt OFWETSQL (g) Ws=Wi-Ws 3,501 | 3832 | 3965 | 3905 9 / \
WETDENSITY OFSAL (g/Cm3) Wy = Wa/V 165 | 180 | 187 | 184 | NMC Eﬁ_44 / \
: \
Can No. Z [ 5] 1 ] S| ™ & / \
WETSAL +Can(g) a 2104 | 2024 | 2146 | 1975 | 1876 C1.42 /
% DRYSQL+Can (g) b 1840 | 1713 | 1756 | 156.7 | 1738 d ‘\
% Wt. OFCan(g) ¢ 283 | 281 | 273 | 273 | 271 1.40 \
g Wt. OFWATER (g) d=a-b 264 | 311 | 390 | 408 | 138
Wt. OFDRY SAL (g) e=b-c 1557 | 1432 | 1483 | 1294 | 1467 138
w (%) m=(d/e)*100 16.96 | 21.72 | 2630 | 3153 | 941 '
141618 20,08 poniiy f8 X 32
DRY DENSITY OF SOIL ( g/ Cm3) D¢ = Wa/(1 00+m)*100 141 | 148 | 148 | 140
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA

PENETRATION 10 Blows 30 Blows 65 Blows I _20
(mm) DIAL RDG Loap (kn) DIAL RDG LoaD (kn) DIAL RDG LoaD (kn) 8
0 0 0 0 0 0 0 =
0.64 10.0 0.169 15.0 0.254 19.0 0.322 o
1.27 16.0 0.271 24.0 0.406 28.0 0.474 Z - ‘ —e 10 BLOW
1.91 23.0 0.389 33.0 0.559 38.0 0.643 As pr - " 30 " Blows
2.54 33.0 0.559 43.0 0.728 48.0 0.813 s | a BT —
3.18 35.0 0.593 52.0 0.880 59.0 0.999 = ., Eor=2 = S
3.81 38.0 0.643 58.0 0.982 64.0 1.084 = | e
4,45 43.0 0.728 64.0 1.084 73.0 1.236 = [f-/f ‘ ‘
5.08 46.0 0.779 69.0 1.168 80.0 1.354
0 2.54 7.62
6.35 53.0 0.897 780 | 1.321 93.0 1574 5 peNETRATIBN (mm)
LOAD Standard CBR(% DENSITY Vs CBR CURVE
sLows | , PP 81 cer X oo 65 blows
(0/Cm3) | 254|508 | 254 | 508 | 254 |5.08| (%) 8 : 30 blaws
10 | 1.33 |056|0.78]1340|2000| 42 | 39 | 42 =4.80 p—
30 | 146 |073|1.17|1340|2000| 55 | 58 | 55 g S TS hlows
65 | 1.54 |081|135|1340|2000| 61 | 68 | 6.1 2380
Ring Factor =0.01693kN/ Div 2.80 : ‘ : ;
From the compaction curve: MDD = 1.49 g/cm3 and OMC= 23.8% 1.310 1.360 1.Dry density4@pcc) 1.510 1.560
From the Density-CBRCQurve at 95% MDD (1.4155 g/cm3): CBR=5

Sample No.: 20 Location of Sample @ Sation 24+000Km, Visual Soil Descri ption: Greyish brown clay soll

1.S0OIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89 T90)
LL PL

No. of Blows 34 29 24 18
CanNo. 16 B 18 78 97 94
Weight of Can+ Wet Sal (g) = (W1) 43.04 | 40.63 | 39.59 | 41.96 | 27.62 | 27.50
Weight of Can+ Dry Sdl (g) = (W>2) 35.47 | 34.82 | 32.59 | 35.51 | 25.44 | 25.15
Weight. of Can(g) = (Ws) 20.27 | 23.82 | 19.76 | 24.20 | 20.27 | 19.62
Wit. of Moisture(g) = (W1-W2) =A 7.57 581 | 7.00 | 6.45 | 218 | 2.35
Wt. of Dry Soil (g)= (W2-Ws)=B 15.20 | 11.00 | 12.83 | 11.31 | 5.17 5.53

w (%) = (A/ B)x 100 49.80 | 52.82 | 54.56 | 57.03 | 42.17 | 42.50

Pl=LL-PL=5442=12 AVPL 42.3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)

sieve size(mm) weight retained % retained % pass _Soil Qassification
2.0mm 60 12.00 88.00 AASHTO | USCS ERASubgrade
0.425 139 27.80 60.20
0.075 200 40.00 20.20
total 500 A-2-7(0) SM S3

1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL ( AASHTO T-180 METHOD D)
13.1

TRIAL NUMBER 1 2 3 4
i Wt. OFSAL +MOULD (g) W1 8425.0 | 8865.0 | 8820.0 | 8725.0
2 Wt. OFMOULD (g) W> 4960 | 4960 | 4960 | 4960
w VOL. OFMOULD (CnsB) V 2124 2124 2124 2124
= Wt. OFWETSAL (g) Ws=Wi-W2 3465 | 3905 | 3,860 | 3,765
WETDENSITY OFSQAL ( g/Cm3) Wy 163 1.84 1.82 1.77 NMC
Can No. 11 M A 26 66
WETSAL +Can(g) a 2185 222.0 205.3 1796 | 2124
% DRYSAQL+Can (g) b 185.3 182.7 1644 1406 | 1928
%) Wt. OFCan (g) ¢ 284 27.2 27.3 27.2 28.3
g Wt. OFWATER (g) d=ab 332 | 393 | 409 | 390 | 196
WEIGHT OFDRY SAL (g) e=b-c 156.9 1555 137.1 1134 | 1645
w (%) m= 21.16 25.27 29.83 3439 | 1191
SOILDRY DENSITY (g/Gm3) Dg =W 135 1.47 1.40 1.32
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG Loap (kn) ||
0 0 0 0 0 0 o |
0.64 11.0 0.186 15.0 0.254 20.0 0.339 || o
1.27 16.0 0.357 28.0 0.474 35.0 0.593 = .3
1.91 21.0 0.469 39.0 0.660 50.0 0.847 & K-
30.0 0.508 58.0 0.982 70.0 | 1.185 '3{'
Fa
32.0 0.542 68.0 1151 || 780 | 1321 2/ .
36.0 0.609 78.0 1.321 88.0 1.490 7 14—1
39.0 0.660 87.0 1.473 97.0 | 1642 || /
5.08 44.0 0.745 94.0 1591 | 102.0  1.727
| 635 || 530 0897 || 1080 | 1828 || 1180 | 1.998
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

DENSITY Vs CBR CURVE

65 plows
30 tdows

/

© 10 blows

Sandard
sLows | ppam3) | “OAPKN) Load(KN) BR (%) COER
254 | 508 | 254 508 | 254 |508 | %)
10 1.20 051 | 074 | 1340 | 2000 | 38 | 37 | 38 | |00
30 1.37 0.98 159 1340 20.00 74 80 | 74 8
65 1.49 119 | 173 13.40 20.00 89 [ 86 | 89 o
Ring Fador =0.01693kN/ Div 7§.00 |
From the compaction curve: MDD = 1.47 g/c m3 and OMC= 24.6% n 1

From the Density-CBR Curve at 95% MDD (1.3965 g/ cm3): CBR=7.73

100  1.200  1.30Dry detsity (&%) 1.600

Sample No.:21 Location of Sample @ Station 25+000Km, Visual Soil Descri ption: Greyish brown clay soill

1 SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)

—LL PL 59.0
No. of Blows 33 28 23 19 o
Can No. 35 97 G1 13 17 94 > 56.0
_ Weight of Can+WetSdl(9) | 45 56 | 38,00 | 31.10 | 39.50 | 25.76 | 23.08 | | & 53.0
o S 500 LN
i j = (@] .
Weight of Can+ Dry Sal(g) 35.20 | 32.30 | 27.20 | 3440 | 2510 | 2230 | | O
(W2) &
o 47.0
Weight of Can(g) = (W) 19.94 | 20.27 | 19.11 | 24.40 | 23.16 | 19.89 S
2 44.0 ~
Wt. of Moisture(g) = (W1- ©
W)= A 7.00 | 570 | 390 | 510 | 0.66 | 0.78 2 410
w:\sl)v tz'ngrySO” (@)= (We- 15.26 | 12.03 | 8.09 | 10.00 | 1.94 | 2.41 38.0
= 35.0
W(%)=(A/B) x100 45.87 | 47.37 | 48.20 | 50.98 | 34.04 | 32.32 [
Pl =LL-PL=48-33=15. APL 33
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil assification
2.0mm 39 7.80 92.20 | AASHTO | USCS ERASubgrade
0.425 147 29.40 62.80
0.075 149 29.80 33.00
total 500 A-2-7(1) SM s3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.3MOISTUREDENSITY RELATIONSHP OF SAL (AASHTOT-180 METHOD D)

131

TRIAL NUMBER 1 2 3 4 1.38 T — Hﬁ .
_ [ Wt OFSQL +MOULD(g) Wi 8346.0 | 8580.0 | 8703.0 | 8644.0 } } } | 1‘ } } }
= Wt. OFMOULD (g) W 4955 | 4955 | 4955 | 4955 1.36 g "'\‘\
g VOL. OFMOULD (Cré) V 2124 | 2124 | 2124 | 2124 /nf \\
Wt. OFWETSAL (g) Ws=Wi-W- 3391 | 3625 | 3748 | 3,689 1.34 //
WET DENSITY OFSQL ( g/Cm3) Wa = Wa/V 160 | 171 | 176 | 174 | NMC 3 / \\
Can No. 22 1 L 47 13 132 /
WETSAL +Can (g a 1828 | 1624 | 2060 | 2071 | 1846 > {/ \\
% DRYSQAL +Can (g) b 1544 | 1345 | 1246 | 1615 | 1671 E3O ¢ \
B | wtOFcan(g) c 268 | 283 | 283 | 274 | 282 & ®
g Wt. OFWATER (g) d=a-b 284 | 279 | 283 | 456 | 175 a
Wt. OFDRY SAL (g) e=b-c 1276 | 1062 | 963 | 1341 | 1389 EZS i 2'2 ] L IPUE iis | A i
w (%) m=(d/e)*100 2226 | 2627 | 2939 | 3400 | 12.60 4 4
DRY DENSITY OF SOIL ( ¢/ Gm3) Dg = Wa/( 100+m)*100 131 1.35 1.36 1.30 MOISTURE CONTENT %
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows 1.4
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIALRDG | LoAD (kn)
0.64 8.0 0.135 12.0 0.203 16.0 0.271 12
1.27 120 | 0203 | 180 | 0305 | 250 | 0.423 1.0 >
1.91 18.0 0.305 28.0 0.474 36.0 0.609 0.8 (omii
2.54 24.0 0.406 40.0 0.677 48.0 0.813 % 0.6 'L/‘ . ® .
3.18 26.0 0.440 45.0 0.762 54.0 0.914 J,-“"’ ! a ®
3.81 28.0 0.474 51.0 0.863 62.0 Los0 | | <& s f',/" —
4.45 33.0 0.559 56.0 0.948 65.0 1.100 S 5:2 ﬁ"
5.08 36.0 0.609 60.0 1.016 70.0 1.185 E 670 A’ ‘ ‘ ‘
6.35 42.0 0.711 67.0 1.134 80.0 1.354 | | D 2.54 PENETRAGSON (mm) 7.62
6.50 DENSITY Vs CBR CURVE
BLOWS DD LOAD Standard CBR (%) CBR 65 b|OwS
10 1.20 |{041|061|1340(2000| 30 | 30| 3.0 =1 30 blaws
30 1.32 |068]102|1340(2000| 51 | 51 | 51 9\?4_50
65 1.36 |{0.81]1.19|1340(2000| 61 | 59| 6.1 g /
3,50
b5 ©
From the compaction curve: MDD = 1.36 g/c m3 and OMC= 29.4% & 10 blows
From the Density-CBR Qurve at 95% MDD (1.292 g/ cm3): CBR=4.66 @.50 ‘ =" ‘
o 1180 1.230 Dry d28ity (g/cc)l.330 1.380
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
Sample No.:22 Location of Sample @ Station 25+500Km, Visual Soil Descri ption: Reddish brown clay soll

1.SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)

LL PL S
No. of Blows 32 28 24 19 = 56.0
Can No. 12 8 17 7 4 5 O
. . 254.0
Weight of Can+ Wet Sdl (g) = (Wa) 59.10 | 58.36 | 59.26 | 62.46 | 31.80 | 31.76 \
Weight of Can+ Dry Sdl (g) = (W2) 47.25 | 46.60 | 46.94 | 48.88 | 29.57 [ 2953 | | ©52.0 e
Weight of Container (g) = (Ws) 23.41 | 23.29 | 23.05 | 23.40 | 23.40 | 23.41 250 0
Wt. of Moisture (g) = (Wi- W2) =A 11.85 | 11.76 | 12.32 | 1359 | 2.23 | 2.23 "
Wt. of Dry Soil (g) = (W2-Ws) =B 23.84 | 23.31| 23.89 | 25.48 | 6.17 | 6.12 548.0
w (%) = (A/ B)x100 49.73 | 50.46 | 51.60 | 53.33 | 36.14 | 36.35 254613
PI=LL-PL=51-36=15 APL 36.2 10 Number of Blows 100
1.2 Particle size Distributi on(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 58.7 11.74 88.26 AASHTO | USCS ERASubgrade
0.425 103.2 20.64 67.62
0.075 197.1 39.42 28.20
total 500 A-2-7(1) SM S4
1.3 MOISTURE DENSITY RELATIONSHIP OFSOIL (AASHTO T-180 METHOD D)
1.3. 1.60 MOISTURE DENSITY RELATIONS
TRIAL NUMBER 1 2 3 4 B B |
> Wt. OFSAL +MOULD (g) W1 8450.0 | 8930.0 | 8965.0 | 8815.0 [ F 1
2 Wt. OFMOULD (g) W- 4955 | 4955 | 4955 | 4955 Pt TN
g VOL. OFMOULD (Cn#) V 2124 | 2124 | 2124 | 2124 01'55 / a
0 Wt. OFWETSAL (g) Ws=Ws- 3495 | 3975 | 4010 | 3,860 3 / \\
WETDENSTY OFSAL ( g/Cm3) Wq = 165 | 187 | 189 | 182 | NMC > // \\\
Can No. D A8 A3 H A 'U:)1-50 / \.
WETSAL +Can (g a 2476 | 2438 | 2396 | 2425 | 2408 pd / N\
1 DRYSQL+Can (g) b 2188 | 2087 | 2007 | 1966 | 2289 | |@& /" \
7} Wt. OFCan (g) ¢ 273 272 27.0 238 | 283 E1.45 / N
Q Wt. OFWATER (g) d =a-b 288 | 351 | 389 | 459 | 119 a d
Wt. OFDRY SAL (g) e=b-c 1915 | 1815 | 1737 | 1728 | 2006
w (%) m= 1504 | 1934 | 2239 | 2656 | 593 1.40 ,
Soil DRY DENSITY (g/Cm3) Dg= 143 | 157 | 154 | 144 14 16 18 20 22 24 26 28
MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA [
PENETRATION 10 Blows 30 Blows 65 Blows 3.0
(mm) DIAL RDG Loap (kn) DIAL RDG Loap (kn) DIAL RDG LoaD (kn)
0.64 9.0 0.152 13.0 0.220 20.0 0.339
1.27 130 0.220 280 | 0474 | 340 | 0576 =z 20
1.91 17.0 0288 | 460 | 0779 | 530 | 0.897 g & — —¢ 10BLOWS
2.54 24.0 0.406 68.0 1.151 75.0 1.270 < %_’ . = * 30 " Blows
3.18 27.0 0.457 77.0 1.304 84.0 1.422 20 A = . "60"Bl
= L 2 0 [ OWS
3.81 31.0 0.525 86.0 1.456 96.0 1.625 Eo = __J_,- .
Z o 2 ;#— ‘
4.45 34.0 0.576 95.0 1.608 | 1050 | 1.778 S0 o=t ‘ ‘
5.08 36.0 0.609 101.0 | 1710 | 1120 | 1.896 0 254 508 762
6.35 44.0 0.745 112.0 1.896 131.0 2.218 PENETRATION (mm
alows | DD LOAD Sandard | CBR (%) |CBR| | 950 3 Qs
(@/Om3) | 254|508 | 254 | 508 | 254|508 | (%) 30 blas
10 1.33 (041|061 (1340|2000| 30 | 3.0 | 30 .00
30 1.47 |115|171|1340[2000| 86 | 85 | 86 E’;
65 1.58 1271190|1340|2000| 95 | 95 | 95 @ 50
©
Ring Fador =0.01693kN/ Div < © 10 blows
From the compaction curve: MDD = 1.57 g/c m3 and OMC= 19.6% gZ.OO% 1 1 1
From the Density-CBRQurve at 95% MDD (1.4915 g/ cm3): CBR=9 »  1.300 1.400 Dry density (500) 1.600
Sample No.: 23 Location of Sample @ Sation 26+000Km, Visual Soil Descri ption: Red brown clay soil
1.SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
LL PL 68.0
No. ofBlows 34 29 24 18 X 66.0
Can No. 2 3 13 17 92 96 = 64.0 N
o) Sy 2+ e sal 52.49 | 38.80 | 44.16 | 42.79 | 3034 | 23.92 | | & 62.0 o
. . o 60.0
Weight of Can+ Dry Sl | 4 a5 | 31,75 | 36.66 | 35.21 | 28.71 | 22.31 £8.0 N
(9) = (W2) o 2° S
Weight of Can(g) = 19.75 | 19.31 | 24.40 | 23.17 | 24.37 | 17.96 | | 5 56.0
Wt. of Moisture(g)= A 11.64| 7.04 | 7.50 7.58 1.63 1.61 A7) 54.0 \\
Wt. of Dry Soil (g)=B 21.10 | 12.44 [ 12.26 | 12.04 | 4.34 | 4.35 520 N
w (%)= (A B)x100 | 5517 | 5661 | 61.17 | 62.96 | 37.57 | 37.10 =2
. . . . . . 50.0
PI=LL-PL=59-37-22 AVPL 37.3 10 Number of Blows 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)

sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 21 4.20 95.80 AASHTO USCS ERASubgrade
0.425 45 9.00 86.80
0.075 156 31.20 55.60
total 500 A-7-5 (11) MH S3
1.3 MOISTURE DENSITY RELATIONSHIP OFSOIL ( T-180 METHOD D)
1.3.1
TRIAL NUMBER 1 3
Wt. OFSQAL +MOULD (g) W1 8450 | 8935 | 9005 | 8820
= Wt. OFMOULD (g) W> 4955 | 4955 | 4955 | 4955
% VOL.OFMQOULD (Cn®8) V 2124 | 2124 | 2124 | 2124
O ™ Wt OFWETSQL (g) Ws=WiW2 3,495 | 3,980 | 4,050 | 3,865
WETDENSITY OFSAL ( g/Cm3) Wq = 165 | 1.87 | 191 | 1.82 | NMC
Can No. U N R E
WETSAL +Can (g a 2407 | 2416 | 2403 | 2337 | 204.7
g DRYSQL +Can (g) b 2106 | 2042 | 199.8 | 1856 | 190.7
5 | Wt OFCan(g) c 283 | 276 | 279 | 262 | 280
O [ Wt OFWATER (g) d=ab 301 | 374 | 405 | 481 | 140
Wt. OFDRY SAL (g) e=b-c 1823 | 1766 | 1719 | 1594 | 1627
W (%) m=(d/e)*100 1651 | 21.18 | 2356 | 30.18 | 8.60
DRY DENSITY OF SOIL ( g/ Gm3) D¢ = Wa/( 100+m)*100 | 141 | 155 | 154 | 1.40
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
0.64 15.0 0.254 17.0 0.288 20.0 0.339 ;
1.27 22.0 0.491 31.0 0.525 36.0 0.609 = %, K —» 10BLOW
191 280 | 0625 | 450 | 0762 | 500 | 0.847 Sy " 30" Blov
2.54 39 0.652 55 0.923 67 1.126 = . ® " ===
3.18 41.0 0.694 62.0 1.050 74.0 1.253 — DIt
3.81 45.0 0.762 74.0 1.253 85.0 1.439
4.45 49.0 0.830 81.0 1.371 96.0 1.625
5.08 52 0.872 87 1.464 104 1.752 —
6.35 58.0 0.982 97.0 1.642 114.0 1.930
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

LOAD Standard 0 DENSITY Vs CBR CURVE
ows | oo | kN) | toadkn) | PR a2
(9/0m3) [ 254|508 | 254 | 508 | 254508 (%) | & 65 bigws
mm|mm/| mm | mm | mm | mm o
10 1.33 |065|0.88|1340(2000| 49 | 44 | 49 | |©O 30 Dlavs
©
30 | 1.48 |093|148|1340[2000| 70 [ 74 [ 70| | @579 e
65 154 |1.13|177)1340|20.00| 85 | 88 | 85 o ®
] 10 blows
From the compaction curve: MDD = 1.55 g/cm3 and OMC=22.1% ‘ } } . }
From the Density-CBR Qurve at 95% MDD (1.4725 g/ cm3): OBR=6.7 520 Fio% Dry deity (g/cc) 1550 il
SampleNo.: 24 Location of Sample @ Sation 29+000Km, Visual Soil Descri ption: Dark brown silty soil
1.SOIL CONSISTENCY TEST RESULT (TEST METHOD® AASHTOT89' T90)
LL PL
No. of Blows 34 29 23 19
Can No. Gl | 92 95 A 98 15 62.0
sa(gmowy W 4248 | 5283 | 4787 | 327 | 2657 | 3216 || §
: £60.0
Weight of Can+ Dry (@)
Sal (g) = (W2) 33.94 | 42.40 | 36.75 | 40.57 | 24.58 | 29.81 ||
Weight of Can(g)=(Ws) | 19.06 | 24.38 | 18.20 | 19.79 | 19.97 | 24.35 %58.0
Wt. of Moisture(g) 7]
— (Wi-W) = A 854 |10.43 | 11.12 | 12.71 | 199 | 2.35 256 .
Wt. of Dry Soil (g) = ’
(Wa-Ws) =B 14.88 | 18.02 | 18.55 | 20.77 | 4.61 | 5.47
W (%)= (Al B)x100 | 5738 | 57.01 | 59.97 | 61.17 | 43.10 | 4294 || 240 0 100
PI=LL-PL=59-43=16 AV PL 43 )LD ET O B9
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 45 9.00 91.00 AASHTO | USCS ERASubgrade
0.425 125 25.00 66.00
0.075 210 42.00 24.00
total 500 A-2-7(1) SM S3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.3 MOISTUREDENSTY RELATIONSHP OF SAOL (AASHTO T-180 METHOD D)
131

TRIAL NUMBER 1 2 3 4
Wt. OFSQL +MOULD (g) Wi 8560 | 8910 | 8965 | 8880
E Wi OFMOULD (g W 4960 | 4960 | 4960 | 4960
% VOL. OFMQULD (Cn8) V 2124 | 2124 | 2124 | 2124
Wt. OFWET DIL (g) Ws= 3600 | 3950 | 4,005 | 3920
WETDENSITY OFSAL ( g/Cm3) 169 | 1.86 | 1.89 | 1.85 | NMC
Can No. C T J | G
WETSAL +Can(g) a 2175 | 2165 | 2145 | 206.6 | 2095
% DRYSAQL+Can (g) b 1886 | 1831 [ 1755 | 163.3 | 196.8
G | wt OFcan (g) c 275 | 277 | 269 | 284 | 284
g Wt. OFWATER (g) d =a-b 289 | 334 | 390 | 433 | 127
Wt. OFDRY SQL (g) e=b- 161.1 | 1554 | 1486 | 1349 | 1684
w (%) m= 1794 | 2149 | 26.24 | 3210 | 754
SOILDRY DENSIT (g/Om3) Dd 144 153 1.49 1.40
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIALRDG | LoAD (kn) | DIALRDG | LoAD (kn) o
0.64 10.0 0.169 170 | 0288 | 220 | 0.372 ﬁz* ———
1.27 14.0 0.237 27.0 0.457 31.0 0.525 @EEY =R E RS
1.91 20.0 0.339 350 | 0593 | 39.0 | 0.660 — e & —»= " 30"Blow
254 260 | 0.440 430 | 0728 | 470 | 0.79 — — Fi= = S
3.18 29.0 0.491 470 | 0796 | 550 | 0.931 P
3.81 33.0 0.559 53.0 | 0.897 | 61.0 | 1.033
4.45 36.0 0.609 5900 | 0999 | 650 | 1.100
5.08 38.0 0.643 640 | 1.084 | 69.0 | 1.168
6.35 43.0 0.728 69.0 | 1.168 | 770 | 1.304
0,
BLOWS DD LOAD Sandard CBR (%) | CBR

10 1.28 | 044 {064 |1340|2000| 33 | 32 | 3.3
30 148 | 0.73[108|1340|2000| 55 | 54 | 55

et

10 blows

Ring Fador =0.01693kN/ Div
From the compaction curve: MDD =1.53 g/c m3 and OMC= 21.8%
From the Density-CBR Curve at 95% MDD (1.4535g/cm3): CBR=5.2
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

SampleNo.:25 Location of Sample @ Station 29+500Km, Visual Soil Descri ption: Dark brown clay soll

1.S0IL CONSISTENCY TEST RESULT (TEST METHOD' AASHTOT89' T90) 64.0
_LL PL ©
o
No. of Blows 32 28 24 18 2 e
£62.0 ~
Can No. B 18 94 35 13 22 [
Weight of Can+ Wet Soil (g) =W1 40.75 | 40.61 | 40.97 | 40.22 | 28.85 | 23.66 S \
Weight of Can+ Dry Sdl g 33.13 | 32.75| 32.97 | 32.42 | 27.63 | 22.46 | | ©O60.0 N
Weightof Can(g) = (Wa) 20.25 | 19.73 | 19.83 | 19.90 | 24.41 | 19.13 o \
Wt. of Moisture(g)= A 763 | 786 | 800 | 7.80 | 122 | 1.21 %58.0 N
Wt. of Dry Soil (g)= B 12.88 | 13.02 | 13.14 | 1252 | 3.22 | 3.32 o
W (%) = (A/ B)x 100 59.21 | 60.39 | 60.84 | 6235 | 37.88 | 36.26 |  =s5g0
PI=LL-PL=61-37=24 APL 37.0 10 S o Flome 100
1.2 Particle size Distrib ution(TEST METHODAASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 35 7.00 93.00 AASHTO | USCS ERASubgrade
0.425 140 28.00 65.00
0.075 220 44.00 21.00
total 500 A-2-7(1) SM S3
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
1.3.1
AL NOVBER . > 2 n | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ [ l‘\ll(fIFTll E DENSITY RELATIONS
> Wt. OFSAL +MOULD (g) W: 8580.0 | 8880.0 | 8915.0 | 8860.0 1.53 - ~
z Wt. OFMOULD (g) W- 4960 | 4960 | 4960 | 4960 // N
I | VOL OFMOULD (Cn?) v 2124 | 2124 | 2124 | 2124 / \\
Wt. OFWETSAL (g) Ws= 3620 | 3920 [ 3955 [ 3,900 / \\
WETDENSITY OFSAL ( g/Cm3) Wa = Ws/V 1.70 1.85 1.86 184 | NMC 1048 / \\
Can No. z N B | 35 | 66 |9 d \\
WETSQAL +Can(g) a 2350 | 2350 | 2186 | 2191 [ 1690 | | s \\
% DRY SAL +Can (g) b 2052 | 1997 | 1791 | 1745 | 1563 543 \\
% | Wt OFCan(g) c 272 276 | 277 | 252 [ 272 | |2 N
Q ['Wt. OFWATER (g) d=ab 208 | 353 | 395 | 446 | 127 | l& e
Wt. OFDRY SOIL (g) e=b-c 1780 | 1721 | 1514 | 1493 | 1291 | | =
w (%) m=(d/€)*100 1674 | 2051 | 2609 | 2987 | 984 | |38
SOILDRY DENSITY ( g/ Cm3 ) Dg = We/(1 00+m) 146 | 153 | 148 | 141 14 16 18  ROISTUHE CONFENT 2% 28 30
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA

PENETRATION 10 Blows [ 30 Blows 65 Blows | 2.0
(mm) DIAL RDG LoaD (kn) DIAL RDG LoaD (kn) DIAL RDG LoAD (kn) >
0 0 0 0 0 0 0 o
0.64 110 | 0186 || 210 | 035 || 320 | 0542 | @i
1.27 15.0 0.254 29.0 0.491 45.0 0.762 o = — IO RLOWS
1.91 21.0 0.356 35.0 0.593 51.0 0.863 % 0 o
2.54 27.0 0457 | 44.0 0745 | 610 1033 | @< ,,_..—-“'r ‘ . " 30 " Blows
3.18 30.0 0.508 48.0 0.813 68.0 1.151 o ’/“ ‘ an " — " 60" Blows
3.81 32.0 0.542 53.0 0.897 73.0 1.236 — 03 [
4.45 35.0 0.593 57.0 0.965 79.0 1.337 = / +r""
5.08 38.0 0.643 | 64.0 1.084 88.0 1.490 = 00 1 A’
[ 635 45.0 0.762 72.0 1.219 96.0 1.625 S Il ‘ ‘
I | | | 0 2.54 PENETRAFEN (mm) 762
LOAD s BR(%
BLOWS DD tandard CBR(%) CBR
(ocm3) [ 254|508 | 254 | 508 [ 254|508 (%
10 1.28 | 046|064 |1340|2000| 34 | 32 |34 7.00
30 146 [0.74|1108|1340(2000| 56 | 54 |56 g.OO 30-blows
65 149 (103|149 |1340(2000| 7.7 | 74 |77 O i
3.6 ©~10 blows
Ring Fador =0.01693kN/ Div <
From the compaction curve: MDD = 1.53 g/c m3 and OMC= 20.5% g-OO )
From the Density -CBR Curve at 95% MDD (1.4535¢g/ cm3): CBR=5.56 0 1.250 1.350 Dry1desosity (g/cc).550 1.650

Sample No.: 26, Location of Sample @ Sation 30+000KM: Visual Soil Descri ption: Dark brown clay soll

SOIL CONSISTENCY TEST RESULT (TEST METHOD' AASHTOT89' T90) © 68.0
X o
LL PL >
No. of Blows 34 | 29 | 24 | 19 S 65.0
Can No. 98 18 35 A DV | 22 g’ '
Weight of Can+ Wet Sdl (g) = 39.60 | 36.80 | 35.00 | 31.90 | 20.60 | 22.10 || O g5
Weight of Can+ Dry Sdl (g) = 32.20 | 30.30 | 29.10 | 27.10 | 19.80 | 21.20 || @
Weight of Can(g) = (Wa) 1990 | 19.70 | 19.90 | 1980 | 17.90 | 19.10 % 59.0
Wt. of Moisture (g) = A 740 | 650 | 590 | 480 | 0.80 | 090 || '
Wt. of Dry Soil (g)=B 12.30 | 10.60 | 9.20 | 7.30 | 1.90 | 2.10 || =
w (%) = (A/ B)x 100 60.16 | 61.32 | 64.13 | 65.75 | 42.11 | 42.86 56.0
Pl=LL-PL=63-42=21 APL. 425 10 Number of Blows 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)

sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 32 6.40 93.60 AASHTO uscs ERA Subgrade
0.425 175 35.00 58.60
0.075 165 33.00 25.60
total 500 A-2-7(1) SM S3
1.3MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
131
TRIAL NUMBER 1 1 2 3
Wt. OFSAL +MOULD (g) Wa 8555.0 | 8864.0 | 9023.0 | 9000.0
= [ Wt OFMOULD (g) W2 4955 | 4955 | 4955 | 4955
% VOL. OFMOULD (Cn#) V 2124 | 2124 | 2124 | 2124
O 1 Wt OFWETSOL (g) W=Wi-W» 3600 | 3909 | 4,068 | 4,045
WETDENSITY OFSAL (g/Cm3) 169 | 184 | 192 | 190 [ NMC
Can No. v Q C V 35
WETSQAL +Can(g a 2509 | 2261 | 1902 | 1937 | 2421
% DRYSQL +Can (g) b 2149 | 1884 | 1538 | 1524 | 2148
% | wt OFCan(g) c 272 | 238 | 269 | 276 | 252
g Wt. OFWATER (g) d =a-b 360 | 377 | 364 | 413 | 273
Wt. OFDRY SAL (g) e=b-c 187.7 | 1646 | 1269 | 1248 | 1896
w (%) m= 1918 | 2290 | 2868 | 3309 | 14.40
DRY DENSITY OFSOIL (g/Cm3) Dy = 142 | 150 | 149 | 143
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoaD (kn) DIAL RDG LoaD (kn) DIAL RDG LoaD (kn)
0 0 0 0 0 0 0
0.64 10.0 0.169 15.0 0.254 22.0 0.372 e
1.27 16.0 0.271 26.0 0.440 340 0.576 7 =
1.91 22.0 0.372 37.0 0.626 45.0 0.762 =
2.54 29 0.483 45 0.753 59 0.990 == =
3.18 32.0 0542 | 51.0 0.863 67.0 1.134 7 %?f:r
3.81 36.0 0.609 56.0 0.948 74.0 1.253
4.45 39.0 0.660 61.0 1.033 81.0 1.371
5.08 43 0.720 66 1.109 86 1.448
6.35 49.0 0.830 73.0 1.236 95.0 1.608
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
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LOAD | Sandard | gp gy DENSITY Vs CBR CURVE
BLows | , PP (KN) Load(KN) CBR 65 blow
(0/0m3) | 254 [ 508 | 254 | 5.08 | 254|5.08] (%) . 0
mm mm mm mm mm | mm
10 | 1.36 |048|0.72|1340|2000| 36 | 36 | 36 < 0ble /s
30 1.47 | 075[111|1340|2000| 56 | 55 | 56 =5.10 _
65 | 1.53 | 099 |145]13402000]| 74 | 72 | 74 @ e
Ring Fador =0.01693N/ Div Es b ©71) blows
From the compaction curve: MDD = 1.51 g/c m3 and OMC= 25% S ‘ ‘ :
From the Density-CBRCQurve at 95% MDD (1.4535g/cm3): CBR=4.94 8 Ll Ll Dry %]'é"ﬁ'gity (g/cc)1'490 1540
Sample No.: 27, Location of Sample @ Station 30+500KM: Visual Soil Descri ption: Reddish Brown Sity Sal
1.SOIL CONSISTENCY TEST RESULT (° AASHTOT89' T90)
LL PL o 80.0
No. of Blows 4 2 10 8 < 78.0 \
Can No. 34 | 29 | 23 19 12 7 $ 76.0
Weight of Can + Wet Sdl(g) 54.93 | 49.93 | 55.21 | 58.39 | 30.69 | 30.78 | | S 74.0 & >
Weight of Can+ Dry Sdl(g) 42.12 | 38.92 | 41.69 | 43.06 | 28.20 | 28.28 | | O /2.0 T
Weight of Can(g) = (W) 23.40 | 23.34 | 23.06 | 23.29 | 23.41 | 23.42 | | © 70.0
' = - 268.0
s ofoisture (@) = (W 12.81 | 11.01 | 1351 | 15.33 | 248 | 2.50 | | &
) =A 266.0 N
Wt. of Dry Soil (g)= (W-2- =64.0
Ws) = B 18.72 | 15.57 | 18.64 | 19.77 | 4.80 | 4.87 690
w (%) = (A7 B)x100 68.40 | 70.73 | 72.50 | 77.53 | 51.78 | 51.35 60.0 =
10 100
PI=LL-PL=73-52=21 APL 51.6 Number of Blows
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 40 8.00 92.00 AASHTO | USCS ERASubgrade
0.425 110 22.00 70.00
0.075 135 27.00 43.00
total 500 A-7-5(6) SM



Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

MOISTUREDENSTY RELATIONSHP OF SAL (: AASHTOT-180 METHOD D)
13.1

TRIAL NUMBER 1 2 3 4
Wt. OFSQL +MOULD (g) W1 83500 | 8695.0 | 8770.0 | 86900
g Wt. OFMOULD (g) W2 4960 | 4960 | 4960 | 4960
w VOL. OFMQULD (Cn8) V 2124 2124 2124 2124
O ™ Wt. OFWETSAL (g) Ws= 3390 | 3,735 | 3810 | 3,730
WETDENSITY OFSAL ( g/Cm3) 160 | 176 | 179 | 176 | NmC
CanNo. 22 Al L U 47
WETSAL +Can(g) a 2221 2149 212.0 1994 | 223.2
% DRYSAQL+Can (g) b 179.8 169.1 161.8 1482 | 191.7
7] Wt. OFCan (g) ¢ 269 | 277 | 273 | 283 | 271
g Wt. OFWATER (g) d =a-b 423 | 458 | 502 | 512 | 315
Wt. OFDRY SQAL (g) e=b-c 152.9 1414 1345 1199 | 164.6
w (%) m= 27.67 32.39 37.32 4270 | 19.14
DRYDENSTY OFSOIL (g/Gm3) D4 1.25 1.33 131 1.23
PENETRATION TEST DAT
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIALRDG | LoAD (kn) DIALR LoAD (kn) DIALRDG | LOAD (kn)
0.64 4.0 0.068 | 12.0 | 0.203 13.0 0.220 o X
1.27 8.0 0135 | 220 | 0372 24.0 0.406 — B = —e 10BLOW
1.91 11.0 0.186 | 31.0 | 0.525 34.0 0.576 |
2.54 15.0 0.254 39.0 0.660 43.0 0.728 ~#= " 30" Blow
3.18 16.0 0271 | 430 | 0.728 49.0 0.830 . ®® ® 60" Blows
3.81 17.0 0288 | 49.0 | 0.830 54.0 0.914 ;-J'f:t
4.45 19.0 0322 | 520 | 0.880 58.0 0.982 -
5.08 21.0 0.356 | 56.0 | 0.948 63.0 1.067
6.35 26.0 0.440 | 640 | 1.084 69.0 1.168
BLOWS DD LOAD Sandard CBR (%) CBR =
(9/Cm3) | 254 | 508 | 254 | 508 | 254 |5.08 | (%) 65 blews
10 1.17 | 025 |036|1340|2000| 19 | 18 | 19 30 blawvs

30 1.31 | 066 |095|1340|2000| 49 | 4.7 | 4.9

Ring Factor =0.01693kN/ Div © 10 blows
From the compaction curve: MDD = 1.33 g/c m3 and OMC= 33.5%
From the Density-CBRQurve at 95% MDD (1.2635g/cm3): CBR=3.95
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Sample No.: 28, Location of Sample @ Station 31+000KM: Visual Soil Descri ption: Gray Brown Clay Sal

1 SOIL CONSISTENCY TEST RESULT (TEST METHOD' _AASHTO T89’ 71.0
— _LL PL = 68.0 ~
No. of Blows 34 29 25 19 c N
© 65.0 N
Can No. 96 22 17 35 Gl DV c ’ \
Weight of Can +Wet Soil (g) = (W2) 33.30 | 30.50 | 39.20 | 37.40 | 24.10 | 23.40 8 62.0
Weight of Can+ Dry Soil (g) = (W>) 28.20 | 26.20 | 32.80 | 30.30 | 22.50 | 21.90 o 59.0
Weight of Can(g) = (Ws) 19.50 | 19.10 | 23.10 | 19.80 | 18.90 | 18.10 § 56.0
WE. of Moisture (g) = (Wi - Wa) = A 510 | 430 | 6.40 | 7.10 | 1.60 | 1.50 .g '
W. of Dry Soil (g) = (Wo-Ws) =B 8.70 | 7.10 | 9.70 | 10.50 | 3.60 | 3.80 s 53.0
w (%) = (A/ B)x 100 58.62 | 60.56 | 65.98 | 67.62 | 44.44 | 39.47 50.0
PI=LL-PL=64-42=22 APL. 42.0 10 Number of Blows 100
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil Qassification
2.0mm 9 1.80 98.20 | AASHIO | USCS ERASubgrade
0.425 191 38.20 60.00
0.075 231 46.20 13.80
total 500 A-2-7(0) SM S4
1.3MOISTURE DENSITY RELATIONSHIP OF SOIL (: AASHTO T-180 METHOD D)
131 '~ MOISTURE DENSITY RELATIONS
TRIAL NUMBER 1 2 3 4 152
> | Wt OFSQL +MOULD(g) W1 8409.0 | 8744.0 | 9030.0 | 8937.0 /,
5 | wt. OFMOULD (g) W2 4955 | 4955 | 4955 | 4955 / \
B VOL. OFMOULD (Cn®) V 2124 | 2124 | 2124 | 2124 1.50 // \\
O 7 Wt OFWETSAL (g) Ws= 3454 | 3789 | 4075 | 3982 / \,
WETDENSITY OFSAL ( g/Cm3) Wy 163 1.78 192 187 | NMC | 1,48 // \
(&)
Can No. K 23 S C a > \
WETSAL +Can(g) a 1900 | 2140 [ 1610 | 2060 | 1760 | |§46 \
bj'f DRY SQL +Can (g) b 1666 | 1799 | 1330 | 1647 | 1662 | | @ \\
G | wt oFcan (g) ¢ 282 | 275 | 284 | 272 | 277 E4 4 S
Q | Wt. OFWATER (g) d=a-b 234 | 341 | 283 | 413 | 98 N
Wt. OFDRY SAL (g) e=b-c 1384 | 1524 | 1046 | 1375 | 1385 | | &
w (%) m= (d/ e) 1691 | 2238 | 2706 | 3004 | 708 | [F42 i 2'2 2'4 2% E 20 -
DRY DENSITY OFSOIL (g/Qn3) Dg=
Wl (100+ m)*(l%o ) b 139 | 146 | 151 | 144 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA

PENETRATION 10 Blows 30 Blows 65 Blows 24 I I I
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL LoD |12
0 0 0 0 0 0 o |© 20
0.64 12.0 0.203 17.0 0.288 | 20.0 | 0.339 g 16 —
ot T a50 [ oas | 420 [ ont [ o0 a2 |03 = —* 10BLOWS
. . . . . . . 3_2 "'_,__# — .
254 280 | 0474 49 0.830 | 61 |1.033|@% _,,f" . ‘ 30 " Blows
3.18 320 | 0542 | 580 | 0982 | 70.0 [1.185|9 08 g s ® ° = 60 " Blows
3.81 38.0 0.643 70.0 1185 | 81.0 | 1371l g4 7#' —a =
4.45 41.0 0.694 74.0 1.253 | 90.0 | 1.524 |5 /T'
5.08 43.0 0.728 81 1.371 98 | 1.659 0.0 ©
6.35 52.0 0.880 90.0 1.524 | 110.0 | 1.862 0 2.54  PENETRAT®N (mm) 7.62
DENSITY Vs CBR CURVE
BLOWS DD LOAD (KN) Standard CBR(%) CBR 9.30
(9/Cm3) 254 5.08 254 | 508 [254 508 | (%) ~ 8.30 65 blows
10 1.22 0.47 0.73 [1340|2000( 36 [ 36 | 36 | IS 730 -
30 1.41 0.83 137 | 13402000 62 | 69 | 6.2 g 6.30 30 blaws
65 1.50 1.03 166 | 1340|2000 7.7 | 83 | 7.7 O 530 = ___=_.._—_-----"""
© 430 <10 Dblows
Ring Fador =0.01693kN/ Div T 330 i i i i i i
From the compactioncurve: MDD =1.51 g/cm3 and OMC=26.6% UO'J 1.200 1.250 1.300 Drym“y lgﬂcﬁ) 1.450 1.500
From the Density-CBRCurve at 95% MDD (1.4535g/cm3): CBR=6.5

Sample No.: 29, Location of Sample @ Station 31+500KM: Visual Soil Descri ption: Reddish Brown Sty Sall

1.SOIL CONSISTENCY TEST RESULT (© AASHTOT89' T90)
LL PL

No. of Blows 33 29 25 19

Can No. A 13 15 22 98 D
Weight of Can + Wet Sdl (g) 4713 | 51.34 | 51.95 | 46.15 | 26.34 | 25.58
Weight of Can+ Dry Sdl (g) 39.07 | 43.46 | 43.76 | 37.94 | 24.90 | 24.20

Wt. of Can(g) = (Wa) 18.80 | 24.40 | 24.30 | 19.20 | 20.00 | 19.40

Wt. of Moisture(g)=A 8.06 | 7.88 | 8.19 8.21 1.44 1.38

Wi. of Dry Soil (g) = (Wo- 20.27 | 19.06 | 19.46 | 18.74 | 4.90 | 4.80
Ws) =B

05) =
w (%6)=(A/ B)x100 39.76 | 41.37 | 42.12 | 43.79 | 20.28 | 28.83
PI=LL-PL=42-29=13 AV.PL 29.3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.2 Particle size Distribution(TESTMETHOD AASHTOT-88)

sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 40 8.00 92.00 | AASHIO | USCS ERASubgrade
0.425 135 27.00 65.00
0.075 245 49.00 16.00
total 500 A2-700) | sM S3

1.3MOISTURE DENSITY RELATIONSHIP OF SOIL( AASHTO T-180 METHOD D)

o

~

—
)

[d

™,
%

o)

131
TRIAL NUMBER 1 2 3 4
i Wt. OFSAL +MOULD (g) W1 8110.0 | 8590.0 | 8930.0 | 8495.0
@ Wt. OFMOULD (g) W2 4960 4960 4960 4960
] VO. OFMQOULD (Cng) V 2124 2124 2124 2124
= Wt. OFWETSAL (g) Ws= 3,150 3,630 3,970 3,535
WETDENSITY OFSQAL ( g/Cm3) Wy 148 1.71 1.87 1.66 NMC
Can No. S A7 A2 25 J
WETSAL +Can(g) a 2584 221.0 236.7 218.0 | 208.7
% DRYSAL+Can (g) b 2255 186.9 195.0 1748 | 196.2
%) Wt. OFCan (g) ¢ 27.9 245 28.0 27.0 26.9
g Wt. OFWATER (g) d=a-b 329 34.1 417 432 125
Wt. OFDRY SAL (g) e=b-c 1976 1624 167.0 1478 | 1693
w (%) m= 16.65 21.00 24.97 29.23 7.38
DRYDENSITY OFSOIL (g/CGm3) Dd= 1.27 141 150 1.29
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL LOAD DIALR LOAD DIAL LOAD
0 0 0 0 0 0 0
0.64 15.0 0.258 33.0 0.567 47.0 0.807
1.27 26.0 0.446 55.0 0.944 61.0 1.047
1.91 35.0 0.601 69.0 1.185 73.0 1.253
2.54 410 | 0704 | 77.0 1.322 83.0 | 1.425
3.18 45.0 0.773 84.0 1.442 92.0 1.580
3.81 50.0 0.859 87.0 1.494 99.0 1.700
4.45 53.0 0.910 92.0 1.580 105.0 1.803 i
5.08 55.0 0.944 96.0 1.648 110.0 1.889 =
6.35 62.0 1.065 103.0 1.769 120.0 2.060
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

From the Density-CBR Curve at 95% MDD (1.425g/ cm3): CBR=7.67

LOAD Sandard DENSITY Vs CBRCURVE
CBR (% 11.50
BLows | PP (KN) Load(KN) o) CBR| | 1050 65 bleys
(9/Gm3) | 254 | 508 | 254 | 508 | 254 |5.08 | (%) §9'50 30 bl@ws
mm | mm mm mm mm | mm )
10 | 1.34 |070]094[1340[2000] 53 [ 47 [ 53| |§%°
30 1.49 |132]165]1340]2000] 99 [ 82 | 99 | |&/=0
65 153 |143/1.89[1340/2000|107| 94 |107| |60
o
Ring Fador =0.01693kN/ Div & A | ©" 10 blows | | |
From the compaction curve: MDD = 1.5 g/cm3 and OMC= 25% 1.300 1809 densiny4@cc) 1,500 1550

Sample No.: 30, Location of Sample @ Station 33+000KM: Visual Soil Descri ption: Dark Brown Sty Soil

1.SOIL CONSISTENCY TEST RESJLT (AASHTOT89' T90)

\‘6\

Number of Blows

=
o

LL PL
No. of Blows 32 29 24 19 - 63.0
Can No. 96 94 98 F2 G1 16 @ 60.0
Weight of Can+ Wet Sdl (g) = 31.00 | 32.30 | 39.10 | 41.90 | 2380 | 27.70 | | § 57
Weight of Can+ Dry Sdl (g) = 26.90 | 27.80 | 32.00 | 33.70 | 22.30| 26.70 | | O
Weight of Can(g) = (W) 1050 | 19.90 | 19.90 | 19.90 |19.10]| 2370 | & 240
Wt. of Moisture(g) = A 410 | 450 | 710 | 820 | 150 | 1.00 | | & 51.0
Wt. of Dry Soil (g)=B 7.40 | 7.90 | 12.10 | 13.80 | 3.20 | 3.00 g 48.0
) =
w (%) = (A/ B)x100 55.41 | 56.96 | 58.68 | 59.42 | 46.88 | 33.33 45.0 1o
PI=LL-PL=58-40=18 AV.PL 40.1
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil Aassificaion
2.0mm 44.3 8.86 91.14 | AASHIO | USCS ERASubgrade
0.425 245.7 49.14 42.00
0.075 133.6 26.72 15.28
total 500 A-2-7(0) SM sS4
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)

131
TRIAL NUMBER 1 2 3 4
> Wt. OFSAL +MOULD (g) Wi 82420 | 8632.0 | 8876.0 | 8719.0
= Wt. OFMOULD (g) W 4955 | 4955 | 4955 | 4955
% VOL. OFMOULD (Cn®) V 2124 | 2124 | 2124 | 2124
O 7 Wt. OFWETSAL (g) Ws= 3287 | 3677 | 3921 | 3,764
WET DENSITY OFSQL ( g/Cm3) Wa 155 | 173 | 185 | 177 | NMC
Can No. F N 18 T O
WETSAL +Can(g) a 1766 | 1955 | 1558 | 163.1 | 1971
% DRYSAL+Can (g) b 1604 | 1701 | 1346 | 1290 | 1929
% WEIGHT OFCan (g) ¢ 277 | 275 | 283 | 276 | 277
g Wt. OFWATER (g) d =a-b 162 | 254 | 283 | 341 | 42
Wt. OFDRY SAL (g) e=b-c 1327 | 1426 | 1063 | 1014 | 1652
w (%) m=(d/e)*100 1221 | 1781 | 2662 | 3363 | 254
DRYDENSTY OF SAL (g/Cm3 ) Dq 138 | 147 | 146 | 133
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL LOAD DIAL LOAD DIAL RDG LOAD
0.64 8.0 0.135 | 25.0 | 0.423 32.0 0.542
1.27 13.0 | 0.220 | 40.0 | 0.677 52.0 0.880
1.91 16.0 | 0.271 | 52.0 | 0.880 65.0 1.100
2.54 20.0 | 0.339 | 63.0 | 1.067 76.0 1.287
3.18 23.0 | 0.389 | 70.0 | 1.185 88.0 1.490
3.81 26.0 | 0.440 | 75.0 | 1.270 95.0 1.608
4.45 30.0 | 0.508 | 84.0 | 1.422 103.0 | 1.744
5.08 33.0 | 0559 | 90.0 | 1.524 110.0 | 1.862
6.35 39.0 | 0.660 | 95.0 | 1.608 118.0 | 1.998
0,
BLOWS DD Load | Sandard L oad CBR% CBR

(9/Gm3) | 254 |508| 254 | 508 |254|508| %

10 1.07 034 |056|1340(20.00| 25 | 28 | 25
30 1.15 107 |152|1340|2000| 80 | 76 | 80
65 1.44 129 |186|1340|2000| 96 | 93 | 96

Ring Factor =0.01693kN/ Div
From the compaction curve: MDD =1.487 g/lcm3 and OMC=22%
From the Density-CBRQurve at 95% MDD (1.4126g/cm3): CBR=9.5
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Sample No.: 31, Location of Sample @ Sation 34+000KM: Visual Soil Descri ption Gray Clay Sal

1.SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)
LL PL .68.0 -
No. of Blows 33 [ 27 [ 23] 18 2 65.0 SN
Can No. Zt 78 17 22 13 D3 g
Weight o Can+ Wet Sdl (g)= (1) 39.90 | 43.90 | 46.30 | 40.90 | 29.60 | 25.30 562.0
Weight of Can+ Dry Sdl (g) = (W2) 33.00 | 36.40 | 37.30 | 32.30 | 27.80 | 23.30 %59 0
Weight of Can(g) = (Wha) 21.00 | 24.30 | 23.10 | 19.10 | 24.40 | 19.30 e e
Wt. of Moisture(g) = (W1-W2) =A 6.90 | 7.50 | 9.00 | 8.60 | 1.80 | 2.00 256.0
Wt. of Dry Soil (g)=(W2-Ws) =B 12.00 | 12.10 | 14.20 | 13.20 | 3.40 | 4.00 =
w (%) = (A/ B)x 100 57.50 | 61.98 | 63.38 | 65.15 | 52.94 | 50.00 53.0
PI=LL-PL=62-52=10 A.PL. 51.5 10 Number of Blows 100
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil Aassificaion
2.0mm 10 2.00 98.00 | AASHTO |USCS ERA Sibgrade
0.425 13 2.60 95.40
0.075 191 38.20 57.20
total 500 A-7-5(9) | MH S4
1.3MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
131 MOISTURE DENSITY RELATIONS
TRIAL NUMBER 1 2 3 4 1.47 1 — S
> | Wt OFSQL +MOULD (g) Wi 8200.0 | 8553.0 | 8784.0 | 8550.0 "?\ | -
= | wt. OFMOULD (g) W> 4955 | 4955 | 4955 | 4955 1.43 /
) . /
S | vo oFMOoULD (Crre) v 2124 | 2124 | 2124 | 2124 / \
O 7 Wt OFWETSAL (g) Ws=Wi-W; 3245 | 3598 | 3829 | 3595 P \
WETDENSITY OFSAL ( g/Cm3) Wq = Wa/V 153 | 169 | 180 | 169 | NMC 1639 /’ \‘
Can No. M A 47 J 66 ]%35 l,l’l “¥
" WETSQL +Can(g) a 2063 | 1984 [ 1697 | 1700 | 1391 | /
T | DRvSAL+Can (g) b 1786 | 1607 | 1422 | 1410 | 1387 a1 /
5 Wt. OFCan (g) ¢ 27.2 28.2 274 274 | 271 ] |
Q [ Wt OFWATER (g) d=ab 277 | 283 | 275 | 290 | o4 a ==
Wt. OFDRY SAL (g) e=b-c 1514 | 1325 | 1148 | 1136 | 1116 | [&ell !
W (%) m= 1830 | 2136 | 2395 | 2553 | 036 | |© 16 18 20 22 24 26 28
DRY DENSITY OFSOIL (g/Gm3) Da= 129 | 140 | 145 | 135 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA = 28 |
PENETRATION 10 Blows 30 Blows 65 Blows o -
(mm) DIAL RDG LoaD (kn) | DIALRDG LoaD (kn) DIALRDG | LoAD (kn) (|7) 2.4
0 0 0 0 0 0 0 T
0.64 9.0 0152 | 200 | 0339 | 270 | 0457 | |z 29
1.27 13.0 0.220 37.0 0.626 42.0 0.711 g 1.6 € ‘ —e 10 BLOWS
1.91 17.0 0.288 54.0 0.914 61.0 1.033 <12 !/" " 30" BIOWS
2.54 20.0 0.339 71.0 1.202 82.0 1.388 | i =
3.18 230 | 0389 | 810 | 1371 | o970 | 1edz | |E 08 A . U0
3.81 25.0 0.423 | 920 | 1558 | 110.0 | 1.862 504 ¥ *JﬂF’J .
4.45 28.0 0.474 | 102.0 | 1727 | 1170 | 1.981 00 = ‘ ‘ ‘
5.08 30.0 0508 | 107.0 | 1.812 | 1220 | 2.065 0 254 5.08 7.62
6.35 370 | 0626 | 117.0 | 1981 | 1350 | 2.286 PENETRATION (mm)
12.80 DENSITY Vs CBR CURVE
BLOWS DD LOAD (KN) Standard CBR(%) CBR 10.80 65 blOV\g
=
10 | 115 | 034 |051|1340|2000]| 25 | 25 | 25 380 SoDiRE
30 1.37 1.20 181]1340|2000| 90 | 91 | 90 8.80
65 1.46 1.39 20711340| 2000|104 |103| 104 -8_80 /
Ring Factor =0.01693kN/ Div ?.80 1 1 | 1
From the compaction curve: MDD = 1.457g/cm3 and OMC=23.7% o 1.130 1.230 Dry denks&30(g/cc) 1.430
From the Density-CBRQurve at 95% MDD (1.3842g/cm3): CBR=9.23
Sample No.: 32, Location of Sample @ Station 34+500KM: Visual Soil Descri ption Reddish Clay Soll
1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90) -
LL PL §76.0
No. of Blows 33 28 22 18 c
Can No. 12 8 9 10 | 12 7 %73'0 ~s_
Weight of Can+ Wet Sal (g) = (Wa) 45.03 | 47.77 | 49.59 | 49.70 | 23.64 | 24.03 870'0 e
Weight of Can+ Dry Sdl (g) = (W2) 35.54 | 36.52 | 38.76 | 37.27 | 22.23 | 22.60 | | ¢67.0 \.\
Weight of Can(g) = (Whs) 21.03 | 19.80 | 23.16 | 19.76 | 19.58 | 19.92 §64.0 ~
Wt. of Moisture(g) = (W1- W2) = A 9.49 | 11.25 | 10.83 | 12.44 | 1.42 | 1.43 %61 0
Wt. of Dry Soil (g)= (W2- Ws) =B 1451 | 16.72 | 1560 | 1750 | 2.65 | 2.68 | | =
w (%) = (A/ B)x 100 65.38 | 67.31 | 69.43 | 71.06 | 53.57 | 53.29 58.0
PI=LL-PL=68-53=15 APL. 53.4 10 Number of Blows 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.2 Particle size Distribution(TESTMETHOD AASHTOT-88)

sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 27.8 5.56 94.44 AASHTO USCS ERASubgrade
0.425 151.5 30.30 64.14
0.075 215.7 43.14 21.00
total 500 A-2-7(0) SM S3
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
131 N
TRIAL NUMBER 1 2 3 4
Wt. OFSAL +MOULD (g) W1 8256.0 | 8513.0 | 8956.0 | 8811.0
= Wt. OFMOULD (g) W- 4954 | 4954 | 4954 | 4954
% VOL.OFMOULD (Cn®8) V 2124 2124 2124 2124
O [ Wt. OFWETSQL (g) Ws=WiWs2 3302 | 3559 | 4002 | 3857
WETDENSITY OFSAL ( g/Cm3) Wq =Ws/V 1.55 1.68 1.88 1.82 NMC
Can no. C L H T (0]
WETSAL +Can (g) a 221.7 2249 187.3 185.3 | 1885
% DRYSQAL+Can (g) b 1945 1884 | 1512 1448 | 176.6
B WEIGHT OFCan (g) ¢ 28.7 27.3 23.8 27.7 27.8
g Wt. OFWATER (g) d =a-b 272 | 365 | 361 | 405 | 119
Wt. OFDRY SAL (g) e=b-c 165.8 1611 1274 1171 | 1488
w (%) m=(d/e)*100 1641 | 2266 | 2834 | 3459 | 800
DRY DENSITY OF SOIL (g/Cm3) Dy =Wg/(1 00+m)*100 134 137 147 1.35
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIAL LOAD DIALR LOAD
0 0 0 0 0 0 0
0.64 11.0 0.186 14.0 0.237 31.0 | 0.525
1.27 19.0 0.322 37.0 0.626 46.0 | 0.779
1.91 25.0 0.423 53.0 0.897 60.0 | 1.016
2.54 31.0 0.525 66.0 1.117 78.0 | 1.321
3.18 34.0 0.576 78.0 1.321 84.0 | 1.422
3.81 41.0 0.694 83.0 1.405 96.0 | 1.625
4.45 46.0 0.779 89.0 1.507 104.0 | 1.761
5.08 47.0 0.796 96.0 1.625 116.0 | 1.964
6.35 54.0 0.914 | 101.0 | _1.710 121.0 | 2.049
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

Standard DENSITY Vs CBR CURVE
ons| oo LOAD(KN) | i kny | CBR |CBR S11.00
(9/Gm3) | 254 |508| 254 | 508 | 254 | 5.08 e 65 blaws
mm |mm| mm | mm | mm | mm = 9.00 30 bl
10 1.36 052 080|1340(2000| 39 | 40 | 39 B 7.00
30 1.43 1.12 163]|1340|2000( 84 | 81 | 84 x
65 1.60 1.32 196(1340|2000| 99 | 98 | 9.9 8 5.00
© 10 blows
Ring Factor =0.01693kN/ Div 3.00 = 1
From the compaction curve: MDD = 1.47 glcm3 and OMC=29 6% 1.300 1.400 Dry densit$@g/cc) 1.600

From the Density-CBRQurve at 95% MDD (1.3965g/cm3): CBR=6.82

Sample No.: 33, Location of Sample @ Station 35+000KM:

Visual Soil Descri ption Dark Brown Clayey Soil

100

1.SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)
LL PL 76.0
No. of Blows 35 29 25 16 X 730 \
Can No. 1 13 14 1 35 95 c
Weight of Can+ Wet Sdl (g) = (W) 44.44 | 49.21 | 51.38 | 44.44 | 25.00 | 25.84 g 70.0 \
Weight of Cant+ Dry Sdl (g) = (W2) 35.70 | 40.38 | 41.27 | 35.70 | 23.82 | 24.04 8 67.0
Weight of Can(g) = (Whs) 19.43 | 24.42 | 23.57 | 19.43 | 19.93 | 18.17 0640 \
Wt. of Moisture (g) = (W1-W2) =A 8.74 | 883 | 10.11 | 874 | 1.18 | 1.80 =R B
Wt. of Dry Soil (g)= (W2-Ws) =B 16.27 | 15.96 | 17.70 | 16.27 | 3.89 | 587 | |.261.0 N
w (%) = (A/ B)x 100 53.72 | 55.33 | 57.12 | 53.72 | 30.33 | 30.66 § 580
Pl=LL-PL=57-30=27 A.PL 30 10
Number of Blows
1.2 Particle size Distrib ution(TEST METHODAASHTO T-88)
sieve size(mm) weight retained % retained % pass Sdl dassfication
2.0mm 3.4 0.68 99.32 AASHTO | USCS ERA Subgrade
0.425 50 10.00 89.32
0.075 302.2 60.44 28.88
total 500 A-2-7(3) sc s1
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.MOSTURE DENSITY RELATIONSHP OFSQAL (AASHTOT-180 METHOD D)

131 AL NOMBER 5 3 2 3  MOISTURE DENSITY RELATIONS
>~ [ Wt OFSOL +MOULD (g) Wa 84500 | 8693.0 | 88280 | 87210 1,45
£ ™ Wt. OFMOULD (g) W2 4954 | 4954 | 4954 | 4954 8
% VOL. OFMOULD (Cn#) V 2124 | 2124 | 2124 | 2124 = }/’ TN
O " Wt OFWETSQL (g) Ws=Wi-Wa 3496 | 3,739 | 3874 | 3,767 E 40 . N\
WETDENSITY OFSQL ( g/Cmé) Wa = Wa/V 165 | 176 | 182 | 177 | NMC| @ // \
Can No. co w L 1 M m / \
WETSQL +Can (g a 2216 | 2105 | 2021 | 2000 | 2108 / \
% DRYSQAL +Can (g) b 1867 | 1743 | 1610 | 1574 | 1930 %35 N
B | wt oFcan(g) ¢ 272 | 283 | 284 | 275 | 273
O [ Wt OFWATER (g) d=ab 349 | 362 | 411 | 426 | 178
Wt. OFDRY SAL (g) e=b-c 1595 | 1460 | 1326 | 1299 | 1657 |1:30
w (%) m= 2188 | 2479 | 3100 | 3279 | 1074 719 22 23 2 2r 29 3 33
DRY DENSITY OFSOIL (g/Om3) Da= 135 | 141 | 139 | 134 MOISTURE CONTENT 9%
PENETRATION TEST DATA 1.0 : :
PENETRATION 10 Blows 30 Blows 65 Blows 0.9
(mm) DIALRDG | LoAD (kn) DIAL LoAD (kn) DIAL RDG LoAD (kn) z 0.8
0.64 8.0 0.135 14.0 0.237 18.0 0.305 g %7
1.27 14.0 0.237 | 22.0 0.372 27.0 0.457 < 56 L X —+ 10BLOW
1.91 21.0 0.356 | 32.0 0.542 35.0 0.593 S §2 r,r-ﬂ . “ 30 " Blows
. =
2.54 27.0 | 0457 | 400 | 0.677 45.0 0.762 = %_3 % =5 — ool
3.18 30.0 0.508 43.0 0.728 48.0 0.813 D02 r_r.a-"
3.81 33.0 0.559 49.0 0.830 56.0 0.948 0.1 —#-—‘r
4.45 37.0 0.626 55.0 0.931 66.0 1.117 0.0 ™ T \ \
5.08 40.0 0.677 58.0 0.982 69.0 1.168 0 2.54 PENETRAD®N (mm) 7.62
6.35 48.0 0.813 67.0 1.134 78.0 1.321
LOAD (KN) Sandard CBR (%) 700 ——————""""""DPENSITY Vs CBRCURVE |
sLows | , PP 554 CBR | 1600
(g/am3) | < 508 | 254 | 508 |254|508] (%) 65 gows
mm 5.00 30 blows o
10 1.38 046 0.68 1340(2000| 34 | 34 | 34 4.00 8
30 1.54 0.68 0.98 1340( 2000 51 | 49 | 51 3.00 ©710 blows 5! g
65 1.62 0.76 117 1340|2000 57 | 58 | 5.7 T | | | | 'cfs
Ring Fador =0.01603N/ Div 1.200 1.300 1.400y densispdg/cc) 1.600 ?700

From the compaction curve: MDD =1.44 g/ cm3 and OMC=27.7%

From the Density-CBR Curve at 95% MDD (1.368g/ cm3): (BBR=4.5
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
Sample No.: 34, Location of Sample @ Sation 35+500KM: Visual Soil Descri ption Dark Brown Clayey Soil

1 SOIL CONSISTENCY TEST RESULT (AASHTO TS89 T90) 56.0
LL PL
No. of Blows 34 | 28 24 19 $53.0
Can No. 1 2 | 13 | 14 | 61 [ 96 | |Egg e
Weight of Can+Wet Sal (g) =(W1) 42.08 | 44.66 | 46.61 | 47.71 | 25.74 | 2444 | | @ Na
Weight of Can+ Dry Sdl (g) =(W2) 35.04 | 36.79 | 39.39 | 39.55 | 23.88 | 22.65 | | 647.0 TN
Weight of Can(g) = (Whs) 19.40 | 19.75 | 24.42 | 2357 | 19.04 | 17.96 g 44.0 10 \ D0
Wt. of Moisture(g) = (W1- W2)=A 704 | 787 | 722 | 815 | 186 | 1.79 = N
Wt. of Dry Soil (g) = (W2- Ws)=B 15.64 | 17.03 | 14.97 | 15.99 | 4.84 | 4.69 ©041.0
w (%) = (A/ B)x100 45.05 | 46.23 | 48.20 | 51.00 | 38.36 | 38.22 §38 0
Pl=LL-PL=48-38=10 AV PL 38.3 ' Number of Blows
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 2.5 0.50 99.50 | AASHTO | USCS ERASubgrade
0.425 152.1 30.42 69.08
0.075 241.1 48.22 20.86
total 500 A-2-5(0) SM S4
MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
131 1.70 MOISTURE DENSITY RELATIONS
TRIAL NUMBER 1 2 3 ]
> | Wt OFSQL +MQULD(g) Wi 8574.0 | 8947.0 | 91220 | 9031.0 Il
G | Wt OFMOULD (g) W: 4954 | 4954 | 4954 | 4954 §1 65 T~
S [ voL oFMoULD (Cne) v 2124 | 2124 | 2124 | 2124 N Pa \\
O ™ Wt OFWETSQL (g) Ws=Wi-Wa 3620 | 3993 | 4168 | 4077 = y.4 \
WETDENSITY OFSQL ( g/Cm3) Wa = Wa/V 170 | 188 | 196 | 192 | NMC ﬁl - /
Can No. U E S C z g ' / \
" WETSAL +Can (9 a 2596 | 2225 | 2381 | 2040 | 2266 | | / \
E | DRySAL+Can (g) b 2365 | 1962 | 2055 | 169.0 | 2168 155 /
7 Wt. of Can(g) ¢ 28.0 26.8 279 275 | 272 y .(/
Q [ Wt. OFWATER (g) d=ab 231 | 263 | 326 | 350 | 98
Wt. OFDRY SAL (g) e=b-c 2085 | 1694 | 1776 | 1415 | 1896
w (%) m=(d/€)*100 1108 | 1553 | 1836 | 2473 | 517 1.50 R, S IR BT R R
DRYDE'\%U(%&O*L)*&%IOO“B) > 158 | 163 | 166 | 154 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

PENETRATION TEST DATA 3.0 : : :
PENETRATION 10 Blows 30 Blows 65 Blows Z
(mm) DIAL RDG LoaD (kn) DIAL RDG LOAD DIAL RDG LoAD (kn) O
=25
0 0 0 0 0 0 0 2}
0.64 9.0 0.152 320 | 0542 | 350 0.593 a 20
Z - “‘fﬂ
1.27 13.0 0.220 53.0 | 0.897 | 68.0 1.151 oz #,,,--* ! —e 10 BLOWS
1.91 16.0 0.271 | 69.0 | 1.168 | 92.0 1.558 2 ¥5 /’ " 30" Blow
2.54 21 0.347 84 1.414 106 1.786 o 0 oo i R s
3.18 23.0 0.389 91.0 1.541 | 116.0 1.964 = / -
3.81 25.0 0.423 101.0 | 1.710 | 124.0 2.099 % 05 ,f') s s B ® F
4.45 27.0 0.457 106.0 | 1.795 | 134.0 2.269 f,i__..__-r--"
5.08 30 0.499 115 1.938 143 2.413 0.0 . . .
6.35 33.0 0.559 | 125.0 | 2.116 | 156.0 2.641 0 254 pENETRAF®ON (mm) 7.62
DD LOAD (KN) Standard Load(KN) CBR(%) CBR 14.00 65 blowys
BLOWS
.00
10 | 1.31 | 035 |050| 1340 | 2000 | 26 | 25 | 26 | [& 30 blaws
30 1.52 141 {194 | 1340 20.00 106 | 9.7 | 106 g.OO /
65 1.62 179 (241]| 1340 20.00 1341121 | 134 _Cé 00 /
—_— 5.
Ring Factor =0.01693kN/ Div = 00 9 ‘ ‘ ‘
From the compaction curve: MDD = 1.66 g/cm3 and OMC=19.2% g ’ 10 hil~ie T ‘
From the Density-CBRQUrve at 95% MDD (1.577g/cm3). CBR=12.5 n 1.250 1.350 Dryldasigsity (g/cc).550 1.650

Sample No.: 35, Location of Sample @ Sation 36+000KM:

1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)

Visual Soil Descri ption Dark Brown Clay Sal

LL PL
No. of Blows 35 28 24 17
Can No. 16 18 DD 96 35 B
Weight of Can+ Wet Sdl (g)=(W1) 45.85 | 40.45 | 44.02 | 49.71 | 31.06 | 33.50
Weight of Can+ Dry Sdl (g)=(W-) 38.46 | 33.38 | 35.46 | 38.72 | 27.93 | 29.78
Weight of Can(g) = (W5s) 23.83 | 19.74 | 19.62 | 19.53 | 19.90 | 20.25
Wt. of Moisture(g) =(W1-W>2) =A 7.39 | 7.07 | 857 | 10.99 | 3.13 | 3.72
Wit. of Dry Soil (g) =(W2-Ws)=B 14.63 | 13.65 | 15.83 | 19.20 | 8.02 | 9.54
w (%)=(A/ B)x 100 50.50 | 51.80 | 54.10 | 57.28 | 39.07 | 39.00
Pl=LL-PL=54-39=15 A.PL 39

_.59.0
< 57.0
£ 55.0
S 53.0
0 51.0
>

249.0

'©47.0

= 450

Number of Blows
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)

sieve size(mm) weight retained % retained % pass Soil Qassification
2.0mm 40 8.00 92.00 AASHTO USCS ERASubgrade
0.425 180 36.00 56.00
0.075 220 44.00 12.00
total 500 A-2-7(0) SM S4
1.3MOISTURE DENBITY RELATIONSHIP OF SOIL AASHTO T-180 METHOD D)
1.3.1
TRIAL NUMBER 1 2 3 4
Wt. OFSAL +MOULD (g) W1 8585.0 | 8919.0 | 8990.0 | 8760.0
= Wt. OFMOULD (g) Wo 4954 | 4954 | 4954 | 4954
% VOL. OFMOULD (Crr8) V 2124 | 2124 | 2124 | 2124
a Wt. OFWETSAL (g) Ws=Wi-W2 3631 | 3965 | 4,036 | 3,806
WETDENSITY OFSAL ( g/Cm3) Wq =Ws/V 1.71 1.87 1.90 1.79 NMC
Can No. 11 1 16 22 21
WETSAL +Can(g) a 1845 2384 | 2009 184.8 | 209.8
% DRYSAQL+Can (g) b 1604 | 2009 165.9 1491 | 1932
7] WEIGHT OFCan (g) ¢ 28.7 275 245 268 | 280
g Wt. OFWATER (g) d=a-b 241 375 35.0 357 | 166
Wt. OFDRY SAL (g) e=b-c 1317 1734 | 1414 1223 | 165.2
w (%) m= 18.30 2163 | 24.75 29.19 | 10.05
DRYDENSITY OFSOIL (g/Cm3) D4 = 145 153 152 1.39
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn) DIAL RDG LOAD (kn)
0 0 0 0 0 0 0
1.27 16.0 0.271 37.0 0.626 52.0 0.880
191 20.0 0.339 52.0 0.880 75.0 1.270
2.54 27.0 0.457 66.0 1.117 93.0 1.574
3.18 30.0 0.508 75.0 1.270 111.0 1.879
3.81 35.0 0.593 88.0 1.490 118.0 1.998
4.45 37.0 0.626 93.0 1.574 127.0 2.150
5.08 39.0 0.660 97.0 1.642 137.0 2.319
6.35 49.0 0.830 105.0 1.778 142.0 2.404
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

DENSITY Vs CBR CURVE
LOAD (KN) St Load(KN) CBR%) | on 65 blaws
DD
BLOWS | (gcm3) | 254 | 5.08 254 | 508 | 254|508 10.80
$'8.80
10 | 126 |046| 066 [1340|2000| 34 33|34 | | 3D ploys
30 1.43 | 112 | 164 |1340|2000| 84 | 82 | 84 0 6.80
65 1.51 157 2.32 1340(20.00 118116118 = 4.80
Ring Factor =0.01693kN/ Div © ®
From the compaction curve: MDD =1.54 g/ cm3 and OMC= 22.9% 82380 10 blows ) |
From the Density-CBR Qurve at 95% MDD (1.463g/ cm3): CBR=9.5 " 1.240 1.340Dry density (Géei0 1.540
Sample No.: 36, Location of Sample @ Station 37+000KM: Visual Soil Descri ption Dark Brown Clay Soil
1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90) 75.0
_LL || PL S
No. ofBlows 34 29 24 19 e 71.0
Can No. 13 22 D3 78 F2 DV g
Weight of Can+ Wet Sdl (g) = (W) 45.38 | 38.82 | 36.01 | 42.30| 23.61 | 23.12 2 67.0 \
Weight of Can+ Dry Sdl (g) = (W-) 37.59 | 31.28 | 29.51 |35.00| 22.54 | 22.07| | o 1
Eight of Can(g) = (Wa) 24.42 | 1914 | 1937 | 24.22 [ 19.03 | 1952| | 5 630
Wt. of Moisture (g) =(W1- W2)=A 7.79 | 7.54 6.50 7.30 | 1.07 | 1.05 E 59.0
Wt. of Dry Soil (g) =(W2- Ws)=B 13.17 [ 12.14 | 10.14 |10.79| 2.61 | 2.55 § '
w (%)=(A/ B)x 100 59.17 | 62.10 | 64.13 | 67.69 | 40.96 | 41.18 55.0
Pl=LL-PL=64-41=23 APL 41.0 10 Number of Blows 100
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 48 9.60 90.40 AASHTO | USCS ERASubgrade
0.425 198 39.60 50.80
0.075 148 29.60 21.20
total 500 A-2-7(1) SM S3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.3 MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)

131
TRIAL NUMBER 1 2 3 4 ISTURE DENSITY RELATIONS
> Wt. OFSAL +MOULD (g) Wi 8290.0 | 8860.0 | 8920.0 | 8714.0
7 Wt. OFMOULD (g) W2 4954 | 4954 | 4954 | 4954 1.50 - = <
& | voL oFMoULD (Cre) v 2124 | 2124 | 2124 | 2124 //’ \\
O |7 Wt. OFWETSQL (g) Ws=WiWs2 3336 | 3,906 | 3966 | 3,760 1.45 / ™
WETDENSITY OFSAL ( g/Cm3) Wa = Wa/V 157 | 184 [ 187 [ 177 [NmC| 7 // \\
Can No. 13 18 35 47 z B40 // \\
WETSQAL +Can(g) a 1963 | 1845 [ 1708 [ 1716 | 1905 [ / \\
% DRYSAL +Can (g) b 1741 | 1556 | 1410 | 1362 | 1750 ':35 ¢
% | wtOFcan(g) c 281 | 284 | 252 | 271 | 272 %
g Wt. OFWATER (g) d =a-b 222 | 289 | 298 | 354 | 155 | @
Wt. OFDRY SAL (g) e=b-c 1460 | 1272 | 1158 | 109.1 | 1478 | (%30 :
w (%) m=(d/e)*100 1521 | 2272 | 2573 | 3245 [ 1040 | @ 13 15 17 19 21 23 25 2/ 29 31 33 35
DRY DENSITY OF SOIL ( g/ Om3) D = Wa/( 100+m) 100 | 136 | 150 | 149 | 134 MOISTURE CONTENT %
PENETRATION_TEST DATA 18 I I
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG Loap (kn) | DIALRDG [ Loap (kn) || = 1.6
0 0 0 0 0 0 0 O14
0.64 7.0 0.119 9.0 0.152 14.0 0.237 (Ql 5
1.27 11.0 0.186 19.0 0.322 23.0 0.389 ; : 10 Bl Ow S
1.91 14.0 0.237 30.0 0508 | 380 | 0643 | OEY T sE=s Sl
2.54 18.0 0.305 41.0 0.694 49.0 0.830 <DE@\£8 /"— " 30" Blows
3.18 20.0 0.339 46.0 0779 | 56.0 | 0.948 | Qg 0 e
3.81 23.0 0.389 53.0 0.897 61.0 1.033 |_04 {/‘ ] »
4.45 25.0 0.423 57.0 0965 | 66.0 | 1.117 | /=™ A . *
=
5.08 27.0 0.457 60.0 1.016 | 71.0 1.202 0.2
6.35 30.0 0.508 65.0 1.100 82.0 1.388 0.0 i
0 2.54 PENETRBD®N (mm 7.62
Sandard
LOAD (KN CBR (%
BLOWS (g/%?m (KN) Load(KN) (%) 25? L~ [ENSITY Vs CBR CURVI 5 blows
b .
25 508 | 254 5.08 mm 254 | 5.08 e 30 blows
o ~
10 1.19 0.30 046 | 1340 20.00 2.3 2.3 2.3 S
30 | 138 | 069 [102]1340| 2000 |52 51 |52 | &0 -
65 1.46 0.83 1.20| 1340 20.00 6.2 60 6.2 O o
_ . 3 ~
- Ring Fador :0.0169/3kN/ D|vd 2—;500 ©10 blows | |
From the compaction curve: MDD = 1.498 g/cm3 and OMC=23% @) .
From the Density -CBROurve at 95% MDD (1.4231g/ cm3): CBR=5.75 v 1.170 1.270 Dry density.3gécc) 1.470
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
Sample No.: 37, Location of Sample @ Sation 37+500KM: Visual Soil Descri ption Reddish Brown Clay Soil

1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90) o420
LL PL S
No. of Blows 33 | 28 | 24 | 19 540.0
Can No. 13 22 D3 78 F2 | bV £38.0
Weight of Can+ Wet Sdl (g) = (W1) 46.48 | 39.91 | 37.03 | 43.31 | 24.29 | 23.73 8 \
Weight of Can+ Dry Sdl (g) = (W-) 38.16 | 31.92 | 30.07 | 35.56 | 22.94 | 22.43 936'0 = \
Weight of Can(g) = (W) 24.42 | 19.14 | 19.37 | 24.22 | 19.93 | 19.52 | | 234.0 ~
Wt. of Moisture(g) = (W1-W2) =A 832 | 799 | 696 | 7.75 | 1.36 | 1.30 '832 0 ~~
Wt. of Dry Soil (g)= (W2-Ws) =B 13.74 | 12.78 | 10.69 | 11.34 | 3.01 | 2.91 | =%
w (%) = (A/ B)x 100 60.55 | 62.53 | 65.11 | 68.33 | 45.05 | 44.74 30.0
PI=LL-PL=64-45=19 A.PL 44.9 NUTREr 6 Blams
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 35 7.00 93.00 AASHIO | UCS ERASubgrade
0.425 191 38.20 54.80
0.075 178 35.60 19.20
total 500 A-2-7(0) SM S3
ﬁ%OISTURE DENSITY RELATIONSHIP OF SOIL ( AASHTO T-180 METHOD D) e e e loNE
TRIAL NUMBER 1 2 3 4
> | Wt OFSAL +MOULD (g) Wi 83000 | 8866.0 | 8921.0 | 8716.0 1.50
g | Wt OFMOULD (g) W, 4954 | 4954 | 4954 | 4954 //’ \\\
& | VOLOFMOULD (Cr) v 2124 | 2124 | 2124 | 2124 / A\
O ™ Wt OFWETSQL (g) Wa=WiW: 3346 | 3912 | 3967 | 3,762 1.45 ‘\
WETDENSITY OFSAL ( g/Cm3) Wg = Wa/V 158 | 184 | 187 | 177 [ NmC| [g / \\
Can no. 13 18 35 47 z ©40
WETSAL +Can(g) a 1983 | 1845 | 1738 | 1707 [ 1905 | & \
bD'é DRYSQAL +Can (g) b 1743 | 1558 | 1417 | 1352 [1750| | @ /
G [ wt oFcan(g) ¢ 282 | 284 | 252 | 271 | 272 | &35 \
Q [ Wt OFWATER (g) d=ab 240 | 287 | 321 | 355 | 155 g »
Wt. OFDRY SQAL (g) e=h-c 1461 | 1274 | 1165 | 1081 | 1478 | |fEay ‘
w (%) m= 1643 | 2253 | 2755 | 3284 | 1049 13 15 17 19 21 23 25 27 |29 31 33 35
DRY DENSITY OFSOIL (g/Cm3) Dg= 135 150 146 1.33 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA 1.8 | I
PENETRATION 10 Blows 30 Blows 65 Blows 1.6
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) 1.4
0 0 0 0 0 0 0 % 1'2
0.64 7 0.119 9 0.152 14 0.237 =10 e 10BLOWS
1.27 12| 0203 | 19 | 0322 | 23 | 0389 | |g =
0.8 - 2 " 30 " Blows
1.91 15 0.254 30 0.508 36 0.609 Z 06 S
2.54 20 0.330 40 0.669 45 0.762 o -~ P ® L —_  "60 " Blows
004 < e » ®
3.18 21 0.356 43 0.728 51 0.863 < 0o g
3.81 23 0.389 48 0.813 56 0.948 S 0'0 T
|_ . L T T T
4.45 25 0.423 53 0.897 59 0.999 = 0 554 508 7 62
5.08 28 0.466 58 0.973 66 1.109 = PENETRATION (mm)
6.35 30.0 0.508 65 1.100 72 1.219
| DENSITY Vs CBR CURVE 65 blowg
DD CBR 5.00 30 blaws
BLOWS (g/ Cm3) 254 [508| 254 508 | 254 |5.08 (%)
mm | mm | mm mm | mm | mm <
10 1.23 033 | 047 | 1340 [2000| 25 | 23 | 25 | £4.00
30 1.39 067 |097| 1340 |2000| 50 | 49 | 5.0 E.E
65 1.46 | 076 [1.11| 1340 [2000| 57 | 55 | 57 23-00
: : g ©°10 blows
Ring Fador =0.01693kN/ Div ©2.00 | ; ;
From the compaction curve: MDD = 1.503 g/cm3 and OMC= 23% Uo) 1.210 1.310ry density (g/cc)1.410
From the Density-CBRCQurve at 95% MDD (1.4238g/cm3): CBR=5.4
Sample No.:38 Location of Sample @ Station 39+000KM: Visual Soil Descri ption Dark Brown Clay Soil
1 SOIL CONSTENCY TEST RESULT (AASHTOT89' T90) °
>
LL PL < 80.0
No. of Blows 34 | 29 | 22 19 o 6.0
Can No. D3 | 78 98 16 22 F2 s o\e
Weight of Can+Wet Soil (g=(W1) 44.07 | 50.72 | 52.48 | 55.68 | 26.83 | 31.59 O 720 .
Weight of Can+ Dry Sdl (g=(W-) 34.34 | 39.82 | 38.52 | 42.01 | 24.41 | 27.98 o %
Weight of Can(g) = (Whs) 19.35 | 24.35 | 19.94 | 23.86 | 19.03 | 19.91 % 68.0 N
Wi. of Moisture(g)=(W1- W2) = A 9.73 | 10.90 | 13.96 | 13.67 | 2.42 | 3.61 'S o\
Wt. of Dry Soil (g)=(W2- Ws) =B 14.99 | 15.47 | 1858 | 18.15 | 538 | 8o7 | | = 64.0 N
w (%) =(A/ B)x 100 64.91 | 70.46 | 75.13 | 75.32 | 44.98 | 44.73 60.0 e
PL=LL-PL=72-45=27 AV PL 45 ' 10 100
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

1.2 Particle size Distribution(TESTMETHOD AASHTOT-88)

sieve size(mm) weight retained % retained % pass _ Soil Qassification
2.0mm 27 5.40 94.60 AASHTO | USCS ERASubgrade
0.425 96 19.20 75.40
0.075 189 37.80 37.60
total 500 A7-5(5) | SM s1
1.3 MOISTURE DENSTY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)
1.3.1
TRIAL NUMBER 1 2 3 4
Wt. OFSQL +MOULD (g) W1 86000 | 8897.0 | 90250 | 8900.0
E Wi OFMOULD (g) W2 4953 | 4953 | 4953 | 4953
% VOL. OFMOULD (Cn#) V 2124 | 2124 | 2124 | 2124
O ™ Wt OFWETSQL (g) Ws=Wi-W2 3647 | 3944 | 4072 | 3947
WETDENSITY OFSAL (g/Cm3) Wa=Ws/V. | 172 | 186 | 192 | 186 | NMC
Can No. 21 47 35 T K
WETSAL +Can (g a 2246 | 2087 | 1686 | 1861 | 1864
% DRYSAL +Can (g) b 1909 | 1726 | 1355 | 1479 | 1719
B | wt oFcan(g) c 277 | 252 | 272 | 280 | 277
O [Wt. OFWATER (g) d=ab 337 | 361 | 331 | 382 | 145
Wt. OFDRY SQL (g) e=b-c 1632 | 1474 | 1083 | 1199 | 1442
w (%) m=(d/e)*100 2065 | 2449 | 3056 | 31.86 | 10.06
DRY DENSITY OF SOIL (g/ Cm3) Da = Wg/(1 00+m)* 100 142 1.49 147 141
PENETRATION TEST DATA
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn)
0 0 0 0 0 0 0
0.64 5 0.085 8 0.135 13 0.220
1.27 10 0.169 18 0.305 22 0.372 a 10 BLOW
' _;;a w*= " 30" B
2.54 18 0.305 38 0.643 43 0.728 A = - —
3.18 20 0.339 42 0.711 50 0.847 v Pl
3.81 22 0.372 47 0.796 55 0.931 v s e "
4.45 24 0.406 52 0.880 58 0.982 *’f-
5.08 25 0.423 56 0.948 64 1.084
6.35 29.0 0.491 64 1.084 71 1.202
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

LOAD Sandard CBR (%) 7.00 DENSITY Vs CBR CURVE
BLOWS DD (KN) Load(KN) CBR
(@/om3) | 254 [508| 254 | 508 | 254508/ (%) 65 hjows
mm | mm| mm | mm | mm| mm E}'\OQO 30 bidws
10 1.20 | 030 |042|1340|2000| 23 | 21 | 23 vt =
30 1.39 | 064]095]|1340|2000| 48 | 47 | 48 | 0| "
65 1.45 |073|1.08|1340(2000( 55 | 54 | 55 o~ 10 blows
_ - _ 1'c:c)oo : : :
Ring Fador =0.01693kN/Div » 1.200 1.300  Dry demsiay (g/cc) 1.500

From the compaction curve: MDD = 1.516 g/cm3 and OMC= 27.5%

From the Density-CBRQurve at 95% MDD (1.4402g/cm3): CBR=5.2

Sample No.: 39, Location of Sample @ Station 39+500KM: Visual Soil Descri ption Brown Clay Soil

1 SOIL CONSISTENCY TEST RESULT (AASHTOT89’ T90)
LL PL X 68.0
No. of Blows 33 | 28 23 19 $ 66.0
Can No. 1 | 96 12 B zt_| 16 ||| S 64.0
Weight of Can+ Wet Sdl (g) = (W) 4350 [ 45.60 | 44.67 | 38.22 | 26.73 | 28.03]| | O 4, \
Weight of Can+ Dry Sdl (g) = (W2) 34.46 | 35.82 | 36.45 | 31.26 | 24.96 | 27.34|| | @ °° :
Weight of Can(g) = (Ws) 19.38 | 19.61 | 23.24 | 20.23 | 21.03 | 23.81 % 60.0 l\
Wt. of Moisture(g) = (W1-W2) =A 9.04 | 9.78 | 8.22 6.96 | 1.78 | 1.58 ‘© 58.0 ™
Wt. of Dry Soil (g) = (Wa2- Ws) =B 15.08 | 16.21 | 13.22 | 11.03 | 3.93 | 353 ||| = .
Moisture Cmntent (%) = (A/ B)x100 | 59.98 | 60.32 | 62.17 63.16 |_45.27 | 44.83 ’ 10 100
PI=LL-PL=61-45=16 | AvAL. 45.1 Number of Blows
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil Aassification
2.0mm 21 4.20 95.80 AASHTO USCS ERASubgrade
0.425 148 29.60 66.20
0.075 83 16.60 49.60
total 500 A-7-5(7) SM s3
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
MOISTURE DENSITY RELATIONSHIP OF SOIL (AASHTO T-180 METHOD D)

131
TRIAL NUMBER 1 2 3 4 IMOlSTURE DENSITY REL)ﬁTIONS
i Wt. OFSAL +MOULD (g) W1 8375.0 | 8821.0 | 9093.0 | 8780.0 1.55 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
z Wt. OFMOULD (g) W- 4960 | 4960 | 4960 | 4960 : ~ ~
w VOL. OFMQULD (Cn®8) V 2124 2124 2124 2124 / ™N
O |7 Wt. OFWETSQL (g) Ws=WiWs2 3415 | 3861 | 4,133 | 3,820 1.50 / \
WETDENSITY OFSAL ( g/Cm3) Wq =Ws/V 161 1.82 195 1.80 NMC 145 / \
Can No. 1 12 [ J P % \
WETSAL +Can(g) a 2360 | 2369 | 2165 | 2028 | 2319 || K40 / \
% DRYSAQL+Can (g) b 198.5 196.9 1735 1586 | 2106 || E / \
5 Wt. OFCan (g) ¢ 275 | 284 | 279 | 269 | 285 | 1235 / \
g Wt. OFWATER (g) d =a-b 375 | 400 | 430 | 442 | 213 || @& {
Wt. OFDRY SAL (g) e=b-c 1710 | 1685 | 1456 | 131.7 | 1821 ]E30
w (%) m= 2193 | 2374 | 2953 | 3356 | 1170 |l@ 19 21 23 25 27 29 ﬁl o 33 35
DRYDENSTY OFSOIL (g/CGm3) Da= 1.32 1.47 150 1.35 MOISTURE CONTENT %
PENETRATION TEST DATA | |
PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LoAD (kn) DIAL RDG LoAD (kn) DIAL RDG LoaD (kn) >
0 0 0 0 0 0 0 015
0.64 10.0 0.169 13.0 0.220 16.0 0.271 5
1.27 17.0 0.288 23.0 0.389 28.0 0.474 || & @ =" —& 10 BLOWS
1.91 22.0 0.372 40.0 0.677 47.0 0.796 % = ’,/ . i
2.54 28.0 0.474 55.0 0931 | 600 | 1016 |[@E X _— g
3.18 31.0 0.525 63.0 1.067 67.0 1134 || & 05 7 _,I' —— 60" Blows
3.81 36.0 0.609 70.0 1.185 77.0 1.304 ,:' ;c‘:r"
4.45 38.0 0.643 75.0 1.270 84.0 1.422 Z 00 ~ ‘ ‘ ‘
5.08 40.0 0.677 81.0 1.371 89.0 1507 |2 0 2.54 5.08 7.62
6.35 47.0 0.796 89.0 1.507 103.0 1.744 PENETRATION (mm)
oW oD LOAD (KN) S. Load(KN) | CBR (%) | cBR & DENSITY Vs CBR CURVE
BLOWS 1 (@ram3) [ 254mm |508| 254 | 508 | 254 | 508 (%) | S 30 blaws
10 1.28 047 |068| 1340 |2000| 36 | 34 | 36 | | 56:00
30 | 1.46 093 [137]1340[2000] 70 [ 69 | 70 | |2 /
65 1.50 1.02 15111340 |2000| 76 | 75 | 76 % ©10 blows
Ring Fador =0.01693kN/ Div 32.00 ; ; ; ;
From the compaction curve: MDD = 1.547 g/cm3 and OMC= 26.5% 1.250 1.310 [}f):);?é)ensity (gllégs) 1.490
From the Density-CBR Curve at 95% MDD (1.4696g/cm3): CBR=7.1
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils

Sample No.: 40, Location of Sample @ Sation 40+000KM: Visual Soil Descri ption Red Brown Clay Soll

1 SOIL CONSISTENCY TEST REQULT (AASHTOT89’ T90)
LL. | PL 70.0
No. of Blows 35 29 24 18 X
Can No. 78 | 15 D3 17 | 14 2 =67.0
Weight of Can+ Wet Sdl (g) = (W) 50.17 | 45.63 | 39.49 | 41.77 | 28.47 | 24.85 % 64.0
Weight of Can+ Dry Sdl (g) = (W2) 40.38 | 37.37 | 3153 | 34.25|26.97|2330| | &
Weightof Can(g) = (Ws) 24.22 | 24.36 | 19.39 | 23.18 | 23.58 | 19.75 g 61.0 \
Wt. of Moisture(g) = (W1-W2) =A 9.78 | 8.26 7.96 7.52 | 150 | 1.55 5 58.0 N\
Wt. of Dry Soil (g)= (W2- Ws) =B 16.17 [ 13.01 | 12.14 [11.07] 339 [ 355 | | @ "
w (%) = (A/ B)x 100 60.51 | 63.48 | 65.55 | 67.92 | 44.24 | 43.68 § 55.0
Pl=LL-PL=65-44=21 AVPL 44.0 10 Number of Blows 100
1.2 Particlesize Distribution(TESTMETHOD AASHTOT-88)
sieve size(mm) weight retained % retained % pass Soil dassification
2.0mm 21 4.20 95.80 AASHIO UCS ERASubgrade
0.425 148 29.60 66.20
0.075 183 36.60 29.60
total 500 A2-7(2) SM S3
131 /
TRIAL NUMBER 1 > 3 2 MOISTURE DENSITY RELATIONS
> | Wt OFSQL +MOULD (g) W1 8336.0 | 86510 | 8968.0 | 8710.0 |
5 [ wt. OFMOULD (g) W2 4960 | 4960 | 4960 | 4960 P \
E VOL. OFMQULD (Cn8) V 2124 2124 2124 2124 // \\
O 7 Wt OFWETSAL (g) Ws=Wi-W2 3376 | 3691 | 4008 | 3,750 1.42 g/ \
WETDENSITY OFSQL ( g/Cm3) Wg = Wa/V 159 | 174 | 189 | 177 | NMC o v “\
Can No. 11 15 25 35 | 47.000 | (4837 S \
WETSAL +Can(g) a 2134 | 2322 | 2149 | 1984 | 2160 S \
bD'f DRYSQL+Can (g) b 1827 | 1933 | 1728 | 1569 | 1992 | & Pt »
B [ wt oFcan(g) ¢ 284 | 287 | 271 | 252 | 271 | |8332 -
g Wt. OFWATER (g) d=ab 307 | 389 | 421 | 425 1638 o
Wt. OFDRY SAL (g) e=b-c 1543 | 1646 | 1457 | 1307 | 1721 227 . .
w (%) m=(d/ e)*100 1990 | 2363 | 28.89 | 3252 9.76 ) 17 19 21 23 25 27 2C 31 33
SOILDRY DENSITY (g/@Gm3) Dg = Wa/( 100+m)*100 133 | 141 | 146 | 133 MOISTURE CONTENT %
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

PENETRATION TEST DATA

PENETRATION 10 Blows 30 Blows 65 Blows prd
(mm) DIAL RDG Loap (kn) DIAL RDG Loap (kn) | DIALRDG | LoAD (kn) E 15
0 0 0 0 0 0 0 %)
0.64 12.0 0.203 16.0 0.271 37.0 0.626 o ﬂ,....»-“"f
1.27 20.0 0.339 29.0 0.491 49.0 0.830 (ZD 1.0 e B —& 10
1.91 27.0 0.457 41.0 0.694 58.0 0.982 Q p ® .
2.54 32.0 0.542 50.0 0.847 65.0 1.100 5’: » .
3.18 380 | 0.643 57.0 0965 | 71.0 | 1.202 | | =03 ——60
3.81 42.0 0.711 62.0 1.050 77.0 1.304 =
4.45 46.0 0.779 67.0 1134 | 820 | 1.388 200 ¢ | | ‘
5.08 49.0 0.830 73.0 1.236 91.0 1.541 0 254 5.08 7.62
6.35 56.0 0.948 870 1.473 101.0 1.710 PENETRATION (mm)
LOAD (KN) S. Load(KN) CBR (%) CBR
BLOWS | &0o) | 254 | 508 | 254 | 508 | 254508 %) | |2
mm | mm| mm mm | mm | mm < 30 blaws
10 1.31 054 [ 083 | 1340 (2000 41| 41 | 421 g5-00
30 140 | 085 |124| 1340 [2000] 63 | 62 | 63 | | = @710 blows
65 1.50 1.10 154 | 1340 [2000| 82 | 7.7 | 8.2 2
<
01.00
Ring Fador =0.01693kN/ Div 1280 1.400 1.460
From the compaction curve: MDD =1.467 g/cm3 and OMC= 28% Dry density (g/cc)

From the Density-CBRCurve at 95% MDD (1.3936g/cm3): CBR=6.1

Sample No.:41, Location of Sample @ Sation 41+000KM: Visual Soil Descri ption Dark Brown Clay Sall

1 SOIL CONSISTENCY TEST RESULT (AASHTOT89' T90)
LL PL

No. of Blows 32 28 24 16

Can No. 2 94 13 16 DV B8
Weight of Can+ Wet Sdl (g)=(Wh) 34.80 | 33.80 | 38.90 | 43.10 | 22.76 | 24.04
Weight of Can+ Dry Sdl (g) = (W2) 29.89 | 29.19 | 34.03 | 36.51 | 21.50 | 22.82
Weight of Can(g) = (W5s) 19.75 | 19.80 | 24.40 | 23.80 | 18.10 | 19.70
Wit. of Moisture(g) = (W1-W2) =A 491 | 461 4.87 6.60 | 1.27 | 1.22
Wt. of Dry Soil (g)= (W2-Ws) =B 10.14 | 9.39 | 9.63 | 12.71 | 3.40 | 3.12

w (%) = (A/ B)x100 48.40 | 49.16 | 50.52 |_51.91 | 37.38 | 39.01
Pl=LL-PL=50-38=12 AV .PL 38.2
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Prediction of Soaked CBR value From Index Propertiesand Compaction Char acteristic of Subgrade Soils
1.2 Particle size Distribution(TESTMETHOD AASHTO T-88)

sieve size(mm) weight retained % retained % pass Sdl dassfication
2.0mm 20 4.00 96.00 AASHTO uscs ERA Subgrade
0.425 116 23.20 72.80
0.075 228 45.60 27.20
total 500 A-2-7(0) SM S4
[ 1.3MOISTURE DENSITY RELATIONSHIP OFSOIL (AASHTO T-180 METHOD D)
1.3.1
TRIAL NUMBER 1 2 3 4
> Wt. OFSQAL +MOULD (g) W1 8526.0 | 9012.0 | 9081.0 | 8850.0
= Wt. OFMOULD (g) W- 4955 | 4955 | 4955 | 4955
% VOL. OFMOULD (Cn8) V 2124 | 2124 | 2124 | 2124
o Wt. OFWETSAL (g) Ws= 3571 | 4057 | 4126 | 3,895
WETDENSITY OFSAL ( g/Cm3) 1.68 191 194 183 | NMC
Can No. F 17 1 W 47
WETSAL +Can(g) a 2265 | 1942 | 2144 | 1854 | 204.6
% DRYSAL+Can (g) b 1976 | 1653 | 1754 | 1457 | 1993
% Wt. of Can(g) ¢ 27.7 28.2 275 283 | 271
g Wt. OFWATER (g) d=ab 28.9 28.9 39.0 39.7 53
Wt. OFDRY SAL (g) e=b-c 1699 | 137.1 | 1479 | 1174 | 1722
w (%) m= 1701 | 21.08 | 26.37 | 3382 | 3.08
DRYDENSITY OFSOIL (g/Om3) Dg= | 144 | 158 | 154 1 137

PENETRATION TEST DATA

PENETRATION 10 Blows 30 Blows 65 Blows
(mm) DIAL RDG LOAD (kn) DIALRDG | LoAD (kn) DIALRDG | LoAD (kn)
0 0 0 0 0 0 0
0.64 13.0 0.220 26.0 0.440 36.0 0.609
1.27 18.0 0.305 40.0 0.677 49.0 0.830
1.91 20.0 0.339 52.0 0.880 58.0 0.982
2.54 25.0 0.423 65.0 1.100 70.0 1.185
3.18 28.0 0.474 74.0 1.253 79.0 1.337
3.81 33.0 0.559 81.0 1.371 89.0 1.507
4.45 35.0 0.593 88.0 1.490 94.0 1.591
5.08 39.0 0.660 94.0 1.591 102.0 1.727
6.35 46.0 0.779 102.0 1.727 119.0 2.015
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Prediction of Soaked CBR value From Index Propertiesand Compaction Characteristic of Subgrade Soils

LOAD Sandard
ows| oo LN ||_toadn) | PR | g
(9/Gm3) [ 254 [508| 254 | 508 |254]508 ] (%)
mm | mm mm mm mm [ mm
10 | 1.35 | 042|066|13402000| 32 | 33 | 32
30 | 1.48 |1.10 |159|1340(2000| 82 | 80 | 82
65 | 1.58 |1.19 |1.73(13.40(2000| 89 | 86 | 89

Ring Fador =0.01693kN/ Div

From the compaction curve: MDD = 1.59 g/c m3 and OMC=22.8%

From the Density-CBR Curve at 95% MDD (1.5105¢g/cm3): CBR=8.75
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Soaked CBR (%)

DENSITY Vs CBR CURVE

8.60 AT 65 blows

6.60

4.60

260 | = 10 blows : : : :
1.330 1.380 1.430 1.480 1.530 1.580

Dry density (g/cc)




