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ABSTRACT

Soil compaction is a process of mechanical densification of soil by pressing the
soil particles close to each other and removing the air between them. It is of
utmostimportance in the broad science of Geotechnical engineering playing a
significant role in all types of Geotechnical investigations. The principle soil
properties affected by compaction include the shearing resistance. The
constitutive equations for volume change, shear strength and flow for
unsaturated soil have been generally accepted in Geotechnical engineering
(Fredlund and Rahardjo, 1993a). The shear strength of an unsaturated clayey
soil and soil-water characteristic curve depend on the soil structure or the
aggregation which in turn depends on the initial water content and the
method of compaction. The aim of this research work is to determine the
cohesion, angle of internal friction of the clay soil based on the moisture
content. For this clay soils classified as CH, Cl are used. Soil samples are chosen
on the basis of soil type and clay content (more than 25%). Maximum dry
density and Optimum moisture content is are determined after 24-hour
soaking, using light compaction. The hydrometer test are carried out for the
grain size distribution. For the present work six different type of clayey soils
are consider. The sample are taken from Dahej (02), Surat (02) and Bhavnagar
(01). All the sample were tested at OMC & MDD as obtain from standard
proctor test. The compaction was done at 0.95,1.00 and 1.05 times of OMC.
Each sample were tested for triaxial test as well as direct shear at the strain
rate of 0.625 mm/min and 1.25 mm/min. direct shear test and triaxial test are
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INTRODUCTION

The shearing behavior of a saturated soil is related to one
stress-state variable;namely, the effective stress, o', defined
as (o - uw). The term, o, is the total stress, and uw is the pore
water pressure. The pore water pressure in saturated soil
are typically positive or zero. Shear strength test for the
saturated and unsaturated soils can be performed in most
geotechnical and agricultural laboratories. Detailed test
procedures related to the determination of shear strength of
saturated or unsaturated soils are not discussed in this
section. Standard testing procedures as per American society
for testing and materials (ASTM) and Indian standard (IS-
Code) methods for various shear strength tests for the
different types of soils. More information related to
procedures is available in Lambe (1951), Holtz and Kovacs
(1981), and other books also. In this study, shear strength
parameters of an unsaturated compacted clay sample were
measured. The triaxial test and direct shear testing methods
was used to measure shear strength parameters. The
relationships between moisture content, suction and shear
strength parameters were found. Triaxial test for the
unconsolidated undrained condition was performed where
the compacted samples at optimum moisture content were
soaked and consolidated prior to shearing. Soil compactionis
aprocess of mechanical densification of soil by pressing the

soil particles close to each other and removing the air
between them.

The principle soil properties affected by compaction include
settlement, shearing resistance, water movementand volume
change. The shear strength of an unsaturated clay soil and
soil-water characteristic curve depend on the soil structure
or the aggregation which in turn depends on the initial water
content and the method of compaction. As moisture content
increases cohesion decreases because of greater separation
of clay particles. The bearing capacity of all types of soils and
clayey soils in particular, by and large, depend on their shear
strength. The drained and undrained shear strengths of
clayey soil are different due to varying soil structures.The
engineering behavior will vary from one specimen to other
due to differences in soil structure or aggregation which are
related to the initial moulding water content. The constitutive
equations for volume change, shear strength and flow for
unsaturated soil have been generally accepted in
Geotechnical engineering (Freedlund and Rahardjo, 1993a).
Hence, undrainedshear strength analysis of compacted soils
is of relevance in dealing with these structures.Soil are often
separated into coarse - grained soils. Coarse - grained soils
include boulders, cobbles, gravels and sand; fine - grained
soils consist of silts and clays.
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Clay is an aggregate of microscopic and sub microscopic
particles derived from the chemical decomposition and
disintegration of rock constituents. It is plastic within a
moderate to wide range of water content.

Boulder > 300 mm
Cobbles 150 to 300 mm
Gravel 4.76 to 150 mm

Sand 0.076 to 4.76 mm
Silt 0.002 to 0.076 mm
Clays <0.002 mm

Unsaturated soils are characterized by the presence of an air
phase, a water phase and an air-water interface in the voids.
Because of this, it has been difficult to describe an
appropriate stress state variable for unsaturated stress
agricultural soils. For asaturated soil both the strength and
volume changebehaviourare governed bythe effective stress.

EASE OF USE
Compaction
The densification of a soil by means of mechanical
manipulation.

Compaction Curve

The compaction curve showing the relationship between the
dry unit weight (density) and the water content of a soil fora
given compactive effort. Compaction curve is also called as
moisture-density curve.

For compaction of any

particular soil in the field, the engineer can vary water
content, amount of compaction, and type of compaction. In
1933, Proctor showed that there existed a
definiterelationship between the soil water content and
degree of dry density to which a soil might be compacted, and
that for a specific amount of compaction energy applied on
the soil there was a water content termed as ‘optimum
moisture content’ at which a particular soil attained
maximum density,
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Shear Strength

The shear strength of soil is the resistance to deformation by
continuous shear displacement of soil particles or on masses
upon the action of a shear stress. The failure conditions for a
soil may be expressed in terms of limiting shear stress, called
shear strength, or as a function of the principal stresses.
The shearing resistance of soil is constituted basically of the
following components:

1 The structural resistance to displacement of the soil
because of the interlocking of the particles,

2 The frictional resistance to translocation between the
individual soil particles at their contact points, and

3 Cohesion between the surfaces of the soil particles.

Method Adopted in Research work
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Details of Laboratory Test

HYDROMETER TEST IS:2720 - (1985) part 4
STANDARD PROCTOR TEST 1S:10074 - 1982
TRIAXIAL TEST 1S:2720-(1971) part 11
DIRECT SHEAR TEST 1S:2720-(1986) part 13
RESULTS AND DISCUSSION

Six sample were selected as per criteria from the region of
Dahej (01), Bhavnagar (01), Surat (03).

After the completion of the testing such as liquid limit, plastic
limit, shrinkage limit, specific gravity, hydrometer, free swell,
proctor test, Direct shear test, Triaxial test, following results
were recorded and analysis was done which are described
below.

After investigation it was classified that samples were CH
types and CI types.

Direct shear test and Triaxial test were performed at 0.625
mm/min and 1.25 mm/min. test were performed at MDD.
And 95% of OMC, 100% of OMC, 105% of OMC. Direct shear
test and triaxial test were performed for unconsolidated
undrained condition.

Compaction Curves
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BHAVRAGAR SAGLINITE Triaxial Test Results
- E SAMPLE STRAIN OMC TRIAXIAL TEST
\ NAME RATE. (%) COHESSION ®
" _ y . (mm/min) kg/cm?
L 7 J 95 04  [2335
] y 1.25 100 0.24 26.03
105 0.18 25.24
OLPAD(1) 95 0.19 24.97
- o 0.625 100 017 2521
e PN - TN 105 014 | 262
S S L 95 0.51 7.45
e/ . 1.25 100 044  [9.68
st i et s e e 105 0.49 12.2
OLPAD(2) 9t 035 8.47
Direct Shear Test Results 0.625 100 0.34 8.6
STRA o5 0ss 07
SAMPLE : :
NAME RﬁE Wl COHESS'SN @ 1.25 100 05  |11.49
kg/cm 105 021 [18.92
95 0.17 19.27 PAL 95 0.68 8.32
1.25 100 0.21 15.21 0.625 100 0.47 12.23
105 0.12 18.91 105 0.47 13.37
OLPAD(1) 95 012 503 95 041 |14.24
0.625 | 100 0.09 19.71 1.25 100 0.35 11878
105 0.09 205 DAHE] 105 0.31 17.09
95 0.15 19.24 5 0.28 16.48
0.625 100 0.2 19.5
1.25 100 0.16 19.42 105 035 13.94
OLPAD(Z) 105 0.15 19.6 95 031 |15.18
95 0.13 17.64 1.25 100 0.26  |17.98
0.625 100 0.15 19.78 105 0.2 19
105 | 008 | 205 BREVNAGAR 95 | 034 [15.12
95 0.17 19.7 0.625 100 0.25 18.55
125 | 100 0.14 21.2 105 043 |13.89
105 0.16 212 95 042 |13.78
PAL o5 3h 1.3 1.25 100 0.4 13.16
0.625 | 100 0.1 22.07 KAOLINITE 105 il et
95 0.5 11.13
105 0.12 22.25 0.625 100 048  [13.79
95 0.27 15.97 105 0.47  |13.78
1.25 100 0.16 18.37
105 0.17 18.55 CONCLUSION
DAHE] 95 02 212 > On increase of moisture content the Cohesion of soil
. . decreases.
0.625 100 01 20.67 » Forunsaturated claytheangle ofinternalfrictionishigher
105 0.07 21.73 at0.625 mm/min strain rate as compared to angle of
95 0.26 15.21 internal friction at 1.25 mm/min.
1.25 100 0.19 16.53 » Theangle of internal friction and cohesion are on higher
105 014 17.23 side in case of triaxial tests compare to direct shear test
BHAVNAGAR for unconsolidated undrained (UU) condition.
95 0.08 17.33 » Among the six regions Dahej, Bhavnagar, Surat (03
0.625 100 0.06 18.12 samples), kaolinite clay the maximum angle of internal
105 0.04 16.73 frictionin triaxial testis achieved from Bhavnagar region
95 0.34 18.36 clay. o _
125 100 04 1781 » Among the six regions Dahej, .Bhavnagar, Su_rat (03
samples), kaolinite clay the maximum angle of internal
KAOLINITE 105 0.39 21.92 friction in direct shear test is achieved from Kaolinite
95 0.41 20.37 clay.
0.625 100 0.47 22.77 » For particular soil if clay content increases cohesion
105 0.52 23.11 increases.
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