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CHAPTER ONE
Introduction

1.1 background

Road is built in layers (wearing course, base aussib-base and sub-grade) from top up to
bottom. Of all this, my study could be focused ba sub-grade soil which can be stabilized or
non-stabilized soil. The general suitability of sytade soil determined from soil classifications.

The success or failure of a roadway section isnoftependent upon the underlying sub-grade.
The strength, stiffness, compressibility and maestcharacteristics of the sub-grade can have
significant influences on pavement performance lang-term maintenance requirements. The
sub grade must be strong enough to resist shéarefaind have adequate stiffness to minimize
vertical deflection.Stronger and stiffer materiplovide a more effective foundation for the

riding surface and will be more resistant to seessom repeated loadings and environmental

conditions.

A critical component of the pavement design invelaghorough and reliable characterization of
the sub-grade; i.e., the foundation of the pavemghhg surface. A number of laboratory
methods are available to characterize the stremggthstiffness of sub-grade soils including the
California Bearing Ratio (CBR), and Atterberg limiand grain size distributions test for

estimating soil parameters for use in pavemengdasiethods.

California Bearing Ratio (CBR) is a common and coshgnsive test currently practiced in the
design of pavement to assess the stiffness modualdishear strength of subgrade material so as
to determine the thickness of overlying pavemewgerg In road construction civil engineers
always encounter difficulties in obtaining repres¢ine CBR value for design of pavement. The
type of soil is not the only parameter which affethe CBR value, but it also varies with

different soil properties possessed by the soil.
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California Bearing Ratio (CBR) is actually an irelit measure which represents comparison of
the strength of subgrade, sub-base and base-coatsegial to the strength of standard crushed
rock quoted in percentage values. Laboratory CBRregjuires relatively large effort to conduct
the test and it is time consuming. The alternatéhoeecould be to correlate CBR with simpler
test results such as soil index properties. Thests fare much economical and rapid than CBR
test. This project gives an overview to know suligbof existing material as subrade layer that

is suited for Jimma town.

Currently, many road construction projects andwayl constructions are undergoing in the
country. In light of this, the output of the propdssuitability of existing subrade will provide
road authorities, railway authorities, consultarsd contractors preliminary background
information on the value of CBR, for a localizebgtade material, from soil index properties
with a benefit of time saving and without incurrirany additional cost for carrying out
laboratory CBR test.

1.2 Objective of the Study
1.2.1 General Objective

The main objective of this thesis is to determindability of existing soil material to use as
subgrde layer for construction of new road soil gla® recovered from different stations of
ECX-Mikeal junction , Jimma Town.

1.2.2 Specific Objectives
To determine the physical properties of the existinb-grade soil.

To classify the existing sub-grade soil, based &$KHATO
To identify the Chemical behavior of the existimy s

YV V VYV VY

To know suitability of existing soil as sub-grdenstruction and maintenance of any
sub-grade around ECX-Mekael junction JimmaTown.
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1.3 Scope of the Study

The subject study is desired to conduct a localiesdarch particularly on samples recovered
from ECX-Mikeal junction , Jimma town. In orderd¢onduct the proposed find suitability of
existing soil material as sub-grade layer for cartgion of new road ;Eight laboratory test

results are used in this research work.
1.4 M ethodology

Primarily, in order to address the intended obyestiof the study, basic theories and descriptions
of CBR test in general and soil index property ob-grade soil is reviewed. Subsequently,
previous works of different researchers with regargrediction of CBR value from basic soil

index properties were assessed.

In order to have satisfactory data for utilizingséxg soil as sub-grade layer, laboratory tests
were conducted by the researcher on samples cléam different localities of ECX-Mikeal
junction; Jimma town, so as to get records ofrestilts of CBR values along with the associated
soil indices patrticularly the grain size analy#\#terberg limits, moisture-density relationships.

Then, discussions on sample collection and sumuwifdaboratory test results were presented.

Statistical analyses of test results were carriatl and sub-grade were developed and also
analyzed to fit the test results. Under the disonssof the obtained results the suitability of the
developed existing sub-grade were examined. Finadly generalized conclusion and

recommendation were made.
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1.5 Organization of the Study

The thesis is organized and presented under Fivapt€is. The first Chapter highlights
introduction of the subject study. Chapter two deaith review of published literature. In
Chapter three, discussions on sample collectioncantist results were made. In Chapter four,
correlation and regression analyses were condaetddJnder Chapter Five, the conclusion and

recommendation were presented. . Organizationeofitasis work is presented with a flow chart

as follows:
Literature
Review Soil Sample Collection
Laboratory Tests

Basic Theories
and Facts
Reviewed

CBR Values Soil Index Properties

:‘> Records of Test Results <;
v Validation and Evaluation Regression Analysis

Review of
Existing sub- /\f
Final Conclusion and

grades

Recommendation

Fig 1.1 flow chart of study
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Chapter Two
Literature Review
2.1 California Bearing Ratio (CBR)

2.1.1 General

The California Bearing Ratio (CBR), defined as th&o of the resistance to penetration of a
material to the penetration resistance of a stahdanshed stone base material. California
Bearing Ratio is the main design input in pavengamstruction to assess the stiffness modulus
and shear strength of subgrade material. The metlasddeveloped by the California Division

of Highways as part of their study in pavementuialat World War 11 [1].

With an intention to adopt a more simplified testthod to measure the stiffness modulus and
shear strength of subgrade soil a simple testcrabe used as an index test was devised. This is
where CBR test comes into frame in measurementubfrade strength. The CBR test is a
simple strength test that compares the bearingcdgpaf a material with that of a well graded
standard crushed stone base kept in Californiasidiniof Highways Laboratory [1]. This means
that the standard crushed stone material should &&BR value of 100%. The resistance of the
crushed stone under standardized conditions ises&dblished. Therefore, the purpose of a CBR
test is to determine the relative resistance ofsthiegrade material under the same conditions.

The test is an index test, thus it is not a dineeasure of stiffness modulus or shear strength.

The CBR test is essentially a measure of the sigaesistance of a soil at a known moisture
and density conditions. The method of evaluatindRG8 standardized in AASHTO T 193 and
ASTM D 1883.
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2.1.2 Applications of California Bearing Ratio

The design of pavement thickness in road constmiatequires the strength of subgrade soil,
sub-base and base-course material to be expresseanis of California Bearing Ratio, so that a
stable and economic design achieved. A road sefdiowhich a pavement design is undertaken
should be sub-divided into subgrade areas whersuhgrade CBR can be reasonably expected
to be delineated uniform, i.e. without significamtriations, in order to utilize it in the design of

pavement thickness [2]. It is also used to ratectimalitions of an existing pavement layers.

On the other way, the value of CBR is an indicaftiothe suitability of natural subgrade soil as a
construction material. If the CBR value of subgr&lgigh, it means that the subgrade is strong
and as a result, the design of pavement thickrees®e reduced in conjunction with the stronger
subgrade. Conversely, if the subgrade soil has@@R value it indicates that the thickness of
pavement shall be increased in order to spreadraifitc load over a greater area of the weak

subgrade or alternatively, the subgrade soil df@Bubjected to treatment or stabilization.
2.1.3 Test Methods

The California Bearing Ratio (CBR) test can be iedrout both in laboratory and in field. The
samples may be prepared in three different waysoslingly, (i) the test can be performed on a
remolded sample in laboratory, (ii) on undisturlsainple carefully extracted from field and
trimmed to closely fit the standard mould in laliorg and finally (iii) an in-situ sample which is

entirely tested on field.
2.1.3.1 In-Situ Field Testing

Field in-place tests are used to determine theivelatrength of soils, sub-base and some base
materials in the condition at which they existha time of testing. Field in-place CBR tests are
used for the design of flexible pavement componantsfor other applications in which CBR is
the desired strength parameter. If field CBR isb# used directly for evaluation or design
without consideration for variation due to changevater content, the test should be conducted
under one of the conditions stated in ASTM D 44293.
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In the field study, once a set of field CBR toals aetup for carrying out the penetration test, the
cylindrical plunger is allowed to penetrate thd abia given rate. The force required to cause the
plunger to penetrate the in-situ soil with resgecthe penetration depth would be recorded by
means of a calibrated proving ring. Later, the Itesof the in-situ soil shall be compared with
the relationship between force and penetratiomab of a standard load of a crushed stone base

material. A typical in-situ CBR testing apparatssihown in Figure 2.1 (a).

Fig2.1] CBR test apparatus .

In order to get a reliable result care measure Baaaken for any construction test activities,
such as grading or compacting carried out subsedqoehe field in-situ test which will probably
invalidate the results of the test. It should bethier noted that during in-situ testing the removal
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of larger-sized particles which may adversely daff¢he test result is not possible [4]. Therefore,
the in-situ test is likely to encounter such praofdein coarser types of in-situ material, whereas

the laboratory CBR test is limited to particlesgag 3/4 inch (19 mm) sieve size [5].

2.1.3.2 Laboratory Testing

Laboratory CBR test is carried out as per the moce outlined in AASHTO T 193-63 or
ASTM D 1883-73. This test method provides the deieation of the CBR of a material at
optimum water content or a range of water conteoinfa specified compaction test and a
specified dry unit weight. The dry unit weight isually given as a percentage of maximum dry
density from the compaction tests of either stash@aoctor test (ASTM D 698) or modified
proctor test (ASTM D 1557). A typical laboratory RRpparatus is shown in Figure 2.1 (b).

The Laboratory CBR test procedure is based on tineiple of a plunger of standard area

advancing into a remolded sample at a specifiegl ghpenetration. Prior to the penetration test
the soil sample is remolded in laboratory at ardedsmoisture content and density. The remolded
sample may be soaked for 96 hour with a surchargé hot less than 4.52 kg/10 Ib that is a
representative of the pavement weight in the fiSlaell readings are taken during this period at
arbitrary selected times. It is worth nothing ttie¢ soaking requirement depends on the climate

of the study area and on the specifications remerd to be applied in the design [5].

At the end of the soaking period the penetratiah ite carried out at a rate of 1.27mm/min and
the force or load required to cause the penetratidirbe recorded with respect to the standard
penetration depths at each 0.5mm penetration,dimduhe load value at 2.54 mm and 5.08 mm
until the total penetration is 12.7mm. The pen&iratesistance load is then plotted against the
penetration depth and correction is made for thed-jeenetration curve. A typical load-
penetration curve correction graph is presentdedgare 2.2.

Using the corrected value taken from the load-patienh curve for 2.54 mm and 5.08 mm
penetration, the bearing ratio is calculated bydilng the corrected load by the corresponding
standard load, multiplied by 100. Its value ranffesn 0 (worst) to 100 (best). If the bearing
ratio of 2.54 mm is greater than that of 5.08 nmime, hearing ratio that should be reported for the
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soil is normally the one at 2.54 mm penetration.eWlthe ratio at 5.08 mm penetration is
greater, the test is entirely repeated on a fregtisien. If the repeated result of 5.08 mm is
again greater, the design bearing ratio will bé ¢id&.08 mm or else, if the bearing ratio of 2.54

mm is greater the design bearing ratio will be tf&.54 mm penetration [5].

9 In the laboratory test, if the soil sample is ofthed using one density and one moisture
content, the design CBR value will be the one gwtsfies the above bearing ratio criteria.
Whereas in the case of a range of densities ackingbe test, after getting the bearing ratio for
each sample, density versus CBR curve is plottedtlae design CBR value of the soil will be
the one corresponding to the desired dry dengiiy fihe Density-CBR plot. The later approach
is more practiced in different specifications andoathe current research has followed this
testing procedure.

In the laboratory test, if the soil sample is reteal using one density and one moisture content,
the design CBR value will be the one that satisfiesabove bearing ratio criteria. Whereas in
the case of a range of densities are used in shedatiter getting the bearing ratio for each sample
density versus CBR curve is plotted and the desl@R value of the soil will be the one
corresponding to the desired dry density from tleadity-CBR plot. The later approach is more
practiced in different specifications and also therent research has followed this testing

procedure.
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2.2 Index Property Tests

In nature soil occurs in a large variety. Engineses continually searching for simplified tests
that will increase their knowledge of soils by eoyihg a simple and rapid soil tests. These
simplified tests which are indicative of the engineg properties of soils are called index
properties [7]. Index properties of cohesive saite used to characterize the physical and
mechanical behavior of soils by making use of pa&tans such as moisture content, specific
gravity, particle size distribution, Atterberg litmiand moisture-density relationships. Such
parameters are useful to classify cohesive soitkmovide correlations with engineering soill

properties [8].

2.2.1 Soil Classification

Soils exhibiting similar behavior can be groupedether to form a particular group under
different standardized classification systems. Assification scheme provides a method of
identifying soils in a particular group that wodiklely exhibit similar characteristics. There are
different classification devises such as USCS aA&KTO classification systems, which are
used to specify a certain soil type that is bestable for a specific application. These
classification systems divide the soil into two @pe: cohesive or fine-grained soils and

cohesion-less or coarse-grained soils.

2.2.1.1 Grain Size Analysis

For coarse grained materials, the grain size didion is determined by passing soil sample
either by wet or dry shaken through a series ofesieplaced in order of decreasing standard
opening sizes and a pan at the bottom of the sfbo&n the percent passing on each sieve is
used for further identifying the distribution andadation of different grain sizes [10]. Particle
size analysis tests are carried out in accordan@e&siTM D 422-63. Besides, the distribution of
different soil particles in a given soil is detenad by a sedimentation process using hydrometer

test for soil passing 0.075mm sieve size. For @&rgigohesive soil having the same moisture
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content, as the percentage of finer material or ctantent decreases the shear strength of the soll

possibly increases.

2.2.1.2 Moisture Content

Change in moisture content is the most influerpedameter that affects the property of soils.
Moisture content is defined as the ratio expressed percentage of mass of water to mass of
soil solids. The moisture content test is carried m laboratory as per the procedures of
AASHTO T 265 or ASTM D 2216 and in field accorditgAASHTO T 217.

2.2.1.3 Atterberg Limits

Based on their mode of formation and mineralogicamposition different soils respond
differently for the same moisture content. Albettefberg, a Swedish Scientist in 1911 gave an
idea of the consistency limit of cohesive soils @andposed a number of tests for defining their
properties. The three Atterberg limits which aggiid limit, plastic limit and shrinkage limits are
the boundary between each of the two consecutatesof the soil-water phases. Their test is
performed only on that portion of a soil which psdhe 425mm (No. 40) sieve [9]. A

description of phases of soil-water system is shawth schematic diagram in Figure 2.3.

Liquid Limit: The liquid limit (LL) is the water content, expresisin percent, at which the soil
changes from a liquid state to a plastic state@mttipally it is defined as the water content at
which the soil pat cut using standard groove cldsesbout a distance of 13cm (1/2 in.) at 25
blows of the liquid limit machine (Casagrande Amtas). The liquid limit of a soil highly
depends upon the clay mineral present. The coromltiliquid limit test is carried out in
accordance of test procedures of AASHTO T 89 or M3 4318. A soil containing high water

content is in the liquid state and it offers noasfreg resistance.

Plastic Limit: The plastic limit (PL) is the water content, exses in percentage, below which
the soil stops behaving as a plastic material abdgin to crumble when rolled into a thread of
soil of 3.0mm diameter. The conventional plastisifitest is carried out as per the procedure of
AASHTO T 90 or ASTM D 4318. The soil in the plasstate can be remolded into different
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shapes. When the water content is reduced theigiastf the soil decreases changing into

semisolid state and it cracks when remolded.

Phascs of Soil - Water System
R Semi-solid . Liquid
Solid State et Plastic State e Suspension
Moisturc Warer (onfent 1Jecreasing
Content (] <
|
g Piastic [imif (P1.) Liguid Timit (LL)
: erberg
Limits Sl < >
Limit (SL)
Plasticity Index (P1)
Shrinkace Volume Volume Decreasing
° Constant -
. Very
Consistency Hard to 4—— TFirm — Soft  — e <4 Slury Warter hald
very hard b suspension
- Shear Strength Increasing
StSh“lth " Wery little to none
reng *
|
Liquidity LI<D IT=0 D<LI<1 EE=1 LI>1
Index | |

Fig 2.3:Description of Phases of Soil-Water System.

Shrinkage Limit: Is defined as the water content in which the dwdlnges from semi-solid state
to solid state. In other word, it is the moistuoatent below which no soil volume change occurs
with further reduction of water content. The tastarried out as per the procedure of AASHTO
T 92 or ASTM D 427.

The amount of water which must be added to charggel &om its plastic limit to liquid limit is

an indication of the plasticity of the soil. Thegdee of plasticity is measured by the plasticity
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index (PI), which is the numerical difference betwdiquid limit and plastic limit (PI=LL — PL).
The greater the plasticity index means that theisanore plastic, compressible and the greater

volume change characteristic of the soil.

The liquid limit, plastic limit and plasticity indeparameters are an integral part of several
engineering properties and characterize the fiaengd fractions of construction materials. The
shear strength of a fine grained soil mainly degemr the consistency of the soil. As shown in
Figure 2.3, the shear strength of fine grained swileases as the moisture content in the soil

decreases from the liquid state up to the solig sta

2.2.2 Moisture - Density Relationship

Compaction of a soil improves the engineering prig® i.e. it increases the shear strength of
the soil and hence, the bearing capacity. It irsgsathe stiffness and thus, reduces future
settlement, void ratio and permeability. At loweater content than the optimum the soil is
rather stiff and has a lot of void spaces and hetieedry density is low. On the other hand, at
water content more than the optimum the additievegter reduces the dry density as it occupies
the space that might have been occupied by solittles [7].

The laboratory standard proctor and modified pnotdsts are performed as per (AASHTO T 99
or ASTM D 698) and (AASHTO T 180 or ASTM D 1557ppectively. The tests are performed
on disturbed samples of soil particles passingesgxes 4.75mm or 19mm mixed with water to
form samples at various moisture contents rangiow the dry state to wet state. These samples
are compacted in three or five layers at 25 bloes lpyer in accordance with the specified
nominal compaction energy of standard or modifiedcior test respectively. Dry density is
determined based on the moisture content and the weight of compacted soil. The
corresponding water content at which the maximuyndénsity occurs is termed as the optimum
moisture content [10].

Grading and Atterberg limits alone are not suffitieo qualify the performance of construction
materials since variation of moisture content aedsity play a considerable role. Different
researches show that the moisture content andtgesiditions have a greater influence, on the
value of shear strength of a soil, on coarser nasgethan fine grained materials.
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CHAPTER THREE
Sample Collection and Test Results

3.1 Study area

In order to have sufficient a reliable data for the target analysis, laboratestd conducted c
soil samples obtained from different localitie: ECX-Mekael Junctiodimma town. Most of th
samples collected from undergoing road construcpimects during the excavation stage
total of Eight disturbed samples were gathered iwith reasonable sampling interval. 1
representative samples selected on the basisudlventification of a suitable subgrade soil
such a diversified samples acquired from area Jimamva; ECX-Mikael juction. The location ¢

collected soil samples site is shown with the dichap in Figure 3.1

JgExcijimma
9

renjimmalethiopia

Google ear
C

Figure 3.1: Sample Collection from Different Stations of E-Mikael junction ;Jimma tow
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3.2 Laboratory Tests and Results

3.2.1 Discussion on Laboratory Tests

Based o the samples retrieved from the sites, laboratests on the eight samples were
conducted in the Ethiopian Road Construction capon(ERCC) district of Jimma laboratory
and. In addition, on Jimma-Bonga road construcpimject laboratory, some tests were carried
out in the joint material testing laboratory of LEASA,CORE-JV Supervision Consultants.

Accordingly, the following different kinds of testsive been performed:

Grain size Analysis Test (ASTM D 422-63)
Liquid Limit Test (ASTM D 4318)

Plastic Limit Test (ASTM D4318-III)
Modified Proctor Test (AASHTO T 180)
Three-point CBR Test (AASHTO T 193)

YVVVVY

The above conventional tests were conducted oreitiie soil samples and a range of test results
achieved. Based on the obtained test results dftigity and grain size distribution the soail
classification was made and the result shows théteasample are classified as fine grained soil.
accordance to the AASHTO classification systemstbikis mainly classified as A-7-6 and also From
the conventional Atterberg limit tests, a liquichii value ranging from 43 up to 97, plasticity ltmi
value of 23 up to 43 and a plasticity index vali@@up to61 were obtained.

A modified proctor test conducted as per AASHTOS8D D, through which samples compacted
at five layers each compacted by 25 uniform blosisg 4.54 kg weight of hammer. From the
modified proctor test, after plotting moisture-dignsurve, a range of maximum dry density
along with the optimum moisture content were olgdirSimilarly, the CBR test was carried out,
on samples remolded with OMC using 10, 30 and @bvblof modified proctor density and
soaked for four days. Consequently, after the patieh test were carried out a CBR value
ranging from O up to 7.8 is obtained at 95% MDDrafdified ASHTO proctor density.

For the sake of illustration and easy of refereitice,typical test results of a soil sample No. 1

have been demonstrated hereunder from Figurep3@ 316
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Table 3.1 Existing subgrde Gradation Test
project name Jimma town asphalt road prafeciX-Mikael junction)
Samplestation 0+000 @ RH
SampltA Weight before Washing =2506¢ After Washing =2248g
Specificatiol
Sieve(mm) weight retained  %age retained %age Eas$sin
lower Upper
50 100 100 100
37.5 0 0.00 100.00 80 100
20 0 0.00 100.00 60 100
4.75 53.48 2.61 97.39 30 100
2 135.07 5.39 92.00 10 100
1.18 325.82 13.00 79.00 17 75
0.425 280.67 11.20 67.80 12 60
0.3 495.36 19.77 59.23 9 50
0.075 674.86 19.95 32.30 5 25
Pan 540.73 10.30 22.00
Total 2506.00
18 |Page

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY



EVALUATION OF SIUTABLIYT OF EXISTING SOILTO USEAS SUBGRADE MATERIAL 2016
FOR ROAD CONSTRUCTION CASE STUDY JIMMA TOWN ,ECXO’MIKAEL JUCTION

120

110
100 —"
/ V
90

80

70 l’ /

60 -fi—lower

}
J

%age passing

50 / ==h—upper

0 // / :
20 ] ‘//

0 -y

persentege passing (%)

0.01 01 ) 1 10
Sieve size(mm)

Fig 3.2 Typical Grain Size Analysis Graph.
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Table 3.2 SOIL CONSISTENCY TEST RESULT

(TEST METHOD . AASHTO T89 , T90)

Project: Jimma town ECX-Mikael junction
Sampling Station : 00+000 RHS
Material Type: Subgrade

PI1 Specification Limit for : < 15 for Capping layer and Subgared2G<for Upper Layer and 25 for lower layer of

Ordinary Fill
Liquid Limit Plastic Limit
No. of Blows 33 27 20
ContainemMumber AV. liquid. Lim. Al F X6 5
Wt. of Container “Wet Soil(g) = (W) 57.70 55.60 55.80 28.00 29.12
Wt. of Container +Dry Soil (g) = (W,) 41.50 40.40 40.50 25.60 26.40
Wt. of Container (g) = (W 18.40 19.00 19.20 18.80 19.00
Weight ofMoisture(g) = (W;- W,) = A 16.20 15.20 15.30 2.40 2.72
Weight of Dry Soil (g) = (Wo- W;) =B 23.10 21.40 21.30 6.80 7.40
MoistureContent(%) = (A / B )x 100 70.13 71.03 71.83 35.29 36.76
AV. liquid. Lim. 71.00 AV. Plas. 36.03
Lim.
RHS is right hand side and LHS is left hand side
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JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY
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LIQUIDLIMIT LL 71.0
PLASTIC LIMIT PL 36.0
PLASTICITY INDEX = LL-PL 35
Figure 3.3: Typical Liquid Limit Graph (Flow Curvye
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Table 3.3:Moisture Density Relationship Of Soil

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY

2@2"5'6"';'6 0+000 SAMPLE TAKEN
gEEgTFngENT ECX-Mikael junction DATE SAMPLED
PURPOSE Sub grade SOURCE STATION
TRIAL NUMBER 1 2 3
WEIGHT OF SOIL + MOLD g 8881 9119 8862
£ | WEIGHT OF MOLD 9 5107 5107 | 5107
E WEIGHT OF SOIL g 3,774 4,012 | 3,755
VOLUME OF MOLD cc 2116 2116 2116
WET DENSITY OF SOIL  glcc 1.78 1.90 1.77
CONTAINER NUMBER 5 C5 6
WET SOIL + CONTAINER g 427.7 416.7 399.5
u DRY SOIL + CONTAINER g 356.6 336.9 311.4
E WEIGHT OF WATER g 71.1 79.8 88.1
2 WEIGHT OF CONTAINER g 52.2 51.60 52.40
WEIGHT OF DRY SOIL g 304.4 285.3 259
MOISTURE CONTENT % 23.36 27.97 34.02
DRY DENSITY OF SOIL glcc 1.45 1.48 1.32
MPD: 1.495 g/cc
OMC : 26.80 %
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Fig 3.4: moisture content vs. Dry density Graph
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CBR value at standard loads and CBR Test summary.

project: ECX-Mikael junction Station 0+000 RHS orT1

0.8

7.0

C

0.7

—
Q
~

0.6

/. 6.0
e

B =

=
< = v.a
(]
o JESESy
o) 3.0
e /
20
1.0
0 2 4 6 8 10 1.20 130 1.40 1.50 1.60
PENETRATION DEPTH (mm) DRY DENSITY
(c) (d)
Dry
Slow LOAD (KN) CBR(%) S(l;e” Blow denaty | CBRY
2.54mm| 5.08mm 2.54mm 5.08mm 0 10 1.26 2.5
10 019 | 031 1.42 2.7 30 1.32 3.8
30 034 | 053 2.55 40| 195 65 1.46 5.0
CBR at
65 0.38 | 0.60 2.83 5.2
95 % 4.6

Figure 3.5: Typical Penetration Load vs. Penetration Depth Grap

In the same manner of the above typical sampleibtest the following summary of table filled

for each soil sample individually eight tests cadrout.
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3.2.2 Summary of Laboratory Test Results

Table3.4: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+000 RHS

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark
Group
Classification
% Passing sieve
(mm A-7-6{3} | Embankment fill
2 | 0425 | 0.075
92| 678 | 323
PL 36
1 0+000 RHS Existing Sub grade LL el
Pl 35
Swell 1.95
MDD 1.495
OMC 26.8
CBR at 95% 4.6
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Table3.5: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+100LHS

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark

Group
Classification
% Passing sieve

(mm

A-7-6 {17} Embankment fill
2 | 0425 | 0.075

98| 859 | 66.8

PL 36
2 0+100 LHS Existing Sub grade
LL 61
Pl 25
Swell 4.07
MDD 1.535
OMC 22.6
CBR at 95% 2
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Table3.6: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+200 RHS

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark

Group
Classification
% Passing sieve

(mm

A-7-6 {22} Embankment fill
2 | 0425 | 0.075

91| 92 76.4

PL 36
3 0+200 | RHS | Existing Sub grade LL 61
PI 25

Swell 4.96

MDD 1.461

OMC 26.5
CBR at 95% 0.1
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Table3.7. SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+300LHS

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark

Group
Classification
% Passing sieve

(mm

A-7-6 {25} Embankment fill
2 | 0425 | 0.075

78| 69.7 | 67.8

PL 43
4 0+300 LHS Existing Sub grade LL -7
Pl 34
Swell 7
MDD 1.56
OMC 20.8
CBR at 95% 0
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Table3.8: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+400 RHS

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY

Sample No Location | off set | material type Type Of Test Test result | Specific limit Remark
Group
Classification
% Passing sieve
(mm .
A-7-6 {16} Embankment fill
2 | 0.425 | 0.075
96| 815 | 622
PL 41
5 0+400 RHS Existing Sub grade LL 79
Pl 38
Swell 3.87
MDD 1.385
OoOMC 32.3
CBR at 95% 7.8
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Table3.9: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+500 LHS

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark
Group
Classification
% Passing sieve
(mm) A-7-6{18} | Embankment fill
2 | 0425 0.075
100 | 97.1 91
PL 38
6 0+500 LHS Existing Sub grade
LL 63
Pl 25
Swell 4.84
MDD 1.45
OMC 28
CBR at 95% 59
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Table10: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+600 LHS

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark

Group
Classification
% Passing sieve
(mm

A-7-6 {65} Embankment fill
2 | 0425 | 0.075

98| 94 90.9

PL 36
7 0+600 LHS Existing Sub grade LL 97
P 61
Swell 0
MDD 1.568
OoOMC 13.9
CBR at 95% 0
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Table 3.11: SUMMRY OF TEST RESULT FOR EXISTING SUB-RADE FROM KM 0+700 RHS

JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY

SampleNo | Location | off set | material type Type Of Test Test result | Specific limit Remark
Group
Classification
% Passing sieve
(mm .
A-7-6 {18} Embankment fill
2 | 0.425 | 0.075
98| 89.9 | 86.8
PL 23
8 0+700 RHS | Existing Sub grade LL 43
Pl 20
Swell 4.67
MDD 1.706
OMC 14.7
CBR at 95% 2
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CHAPTER FOUR

4.1 Regresson Analysis of CBR and Correations with index
properties

Regression analysis is a statistical technique ithaery useful in the field of engineering and
science in modeling and investigating relationshipsveen two or more variables. The method
of regression analysis is used to develop thedimeurve which provides the best fit through a
set of data points. This basic approach is apdkcab situations ranging from single linear
regression to more sophisticate nonlinear multiptgessions. The best fit model could be in the
form of linear, parabolic or logarithmic trend. lvéar relationship is usually practiced in solving

different engineering problems because of its suitpl

Fitting a regression model requires several assongptThe method of least squares is used in
order to choose the best fitting line for a setlafa. Estimation of the model parameters requires
the assumption that, the residuals (actual vakess éstimated values) corresponding to different
observations are uncorrelated random variables zétb mean and constant variancé’) (n
most practical situation, the varianeé)(of the random erroraf) will be unknown and must be
estimated from the sample data [17]. The standaiod ef an estimate gives some idea about the
precision of an estimate. During modeling, a vdealhat shows the least standard error of

estimates is the one to be chosen.

In the subject study, the California Bearing Raitaken as the dependent variable where as the
percent passing 0.075mm sieve size, liquid limispc limit, plasticity index, maximum dry

density and optimum moisture content are indepengimables.
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4.2 Regression Analysis

In this research work, an attempt is made to applgle linear regression model and multiple
linear regression models to characterize the stinemfgsub grade soil from soil index parameters
using a statistical approach. The general repraBentof a probabilistic single and multiple

linear regression models are presented in thewollp forms:

Y=0+LLIX+e 4.1)
Y =00+ alxl +a2X2...4 aNXN + € covveveeeeeeeieeeeeeeeeeeeeeee e (4.2)

Where, the slopepl) and intercept A0) of the single linear regression model are called
regression coefficients. Similarly, coefficient8, al, a2 andan are termed multiple regression
coefficients. The appropriate way to generalize thia probabilistic linear model is to assume
that the actual value of Y is determined by the meaue function (the linear model) plus the
random error termg [17]. The basic assumption to estimate the regmessoefficients of the

single and multiple regression models is basedendast square method.

Specific to this research, a statistical packagesézial science software (SPSS) is employed to
investigate the significance of individual regressariables. Accordingly, the eight laboratory
test results of the independent and dependentblasiaare used in the following regression

analysis. The statistical information’s of the te=tults are presented in Table 4.1&4.2

Computational Analysis of Regression Analysis
Table 4.1 presents the summary of the computatfolnear regression equations for
different categories of test results while Tab[2 gresents the summary of the experimental and
calculated values of the California Bearing Ratiommpaction parameters as a function of other

index values.
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Table4.1. Linear regression equation for different categories of tests

Linear regression
Description

CBR (unsoaked) vs. Liquid limit CBR =0.031 LL +83.19
CBR (unsoaked) vs. Plastic limit CBR=0.8P.L+65.31
CBR (unsoaked) vs. Specific gravity CBR =10.43 S.G +56.19
CBR (unsoaked) vs. MDD CBR =8.66 MDD + 65.88
CBR (soaked) vs. Liquid limit CBR =0.22 L.L +28.87
CBR (soaked) vs. Plastic limit CBR=1.04P.L +13.56
CBR (soaked) vs. Specific gravity CBR=9.42S.G+10.91
CBR (soaked) vs. MDD CBR =50.28 MDD - 70.22

CBR=-21.734 - 0.003*LL - 0.137*PI + 20.244*MDD

is the representative formula of all to calculaieerage CBR values.

35| Page
JIMMA UNIVERSITY INSTITUTE OF TECHNOLOGY



EVALUATION OF SIUTABLIYT OF EXISTING SOILTO USEAS SUBGRADE MATERIAL
FOR ROAD CONSTRUCTION CASE STUDY JIMMA TOWN ,ECXO’MIKAEL JUCTION

2016

Table 4.2 Summary tablefor experimental and calculated values

sample
no. 1 2 3 4 5 6 7 8
PL 36 36 36 43 41 38 36 23
LL 71 61 61 77 79 63 97 43
Pl 35 25 25 34 38 25 61 20
Swell 1.95 4.07 4.96 7 3.87 4.84 0 2
MDD 1.495 1.535 1.461 1.56 1.385 1.45 1.568 1.568
OoMC 26.8 22.6 26.5 20.8 32.3 28 13.9 139

CBR at

95% 4.6 2 0.1 0 7.8 5.9 0 0

According to specification of ERA manual (2002 quality of materials to be fulfilled to be

used as sub grade material for road construction:

» CBR value shall be greater than 5 at 95% of AASHT©B0)
» The plasticity index shall be not exceeding 20%

» The maximum swell value of 1.5%

According to the test result: even though, T1,T8 @6 seems satisfying CBR but does not
satisfy Pl value and/or Swell limit when comparathviERA specification manual with

stabilization or replacement of material must done.
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CHAPTER-FIVE

Conclusion and Recommendation

5.1 Conclusions

The case study was conducted to find Suitabilitiooélized existing soil material to use as sub
grade layer Accordingly, the required laboratoistsenvere conducted on samples retrieved from
different from different stations of ECX -Mikaelnation of Jimma town. Using the obtained
eight test results a single linear regressiongwerlyzed to find CBR value ,LL, PL, PI, MDD
and OMC.

The suitability of the existed soil material isatvated by utilizing a separate control test result

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

» For preliminary design purpose the above estimatitight be used to estimate suitability of

sub grade material, without a detailed laboratesy at Jimma town.

> As test result showed us the soil is erratic ewssrye100m , this result indicates may did

represent every Jimma town.

» CBR, is the most basic to decide suitability oil &s sub grade material even though soil

index is may not satisfy specification.

» According to ERA manual of specification of suittsub grade materials T1,T5 and T6 are

good . as a result may have quarter of the strasphnot want to be stabilized.

» Unsuitable sub-grade material, those CBR valu€§%t of MDD is less than 5%,maximum
plasticity index of 30%, Maximum CBR swell valuds266

» Non plastic materials, whose plasticity index i$:10n swell and CBR values less(more) than
the minimum required 5%
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5.2 Recommendations

» For unsuitable sub-grade soils, whose CBR value®58% of MDD is below
5%, maximum CBR Swell values of 2% and maximum piagtindex of 30%, it is
recommended to excavate down up to 600 mm depthiegrlace it with a plastic no
expansive soil having a minimum CBR of 5%, 2% svesitl PI between maximum
20% which is equivalent to an S3 type material aathd as per ERA, 2002. The
work shall be executed in three layers of equalkiiiess and must be compacted to

the required minimum density.

» In addition, the road bed of the expansive claysikhbe kept moist during road bed
preparation and should be covered by the apprepiildimproved sub-grade without
undue delays; culverts and drainage pipes shalb@alirectly laid on expansive soils;

trees should not be planted and allowed to grow tiearoad.
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