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I
PART A 10
1.1 iCompaction is a process by which the soil particles arel 2 2
artificially arranged and packed together into a closer state of
contact by mechanical means to decrease the void ratio of the
soil and thus increase dry density
I.2 2 2
I.3 Relnf OI'CLd sotl- A soil 5011 that is str en;,thened by tenSIie e!ements 2 2
as reinforcements such as metal strips, geotextiles, or geogrids.
1.4 |Geosynthetics are one of the most revolutionary product groups| 2 2
within civil engineering, offering  high-performance, cost-
effective and long-term solutions o problems that arise within
peofechnical, geo-environmental, hydraulic and transportation
engineering,
1.5 Where: ¢ = cohesion 2 2
¢ = angle of internal friction
o= normal stress on the failure plane
G=c+ gtang .
7= shear sirength
PART B 30
I 1 Ground improvement is cartied out for various objectives: Any 6 6
to improve bearing capacity and reduce settlement of soft ground,
prevent  earthquake  liquefaction,  control  groundwater,  stabilize
excavation botlom, prevent deformation of surrounding ground, o
clean up contanmnated ground,
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1.4

Grouting materials
Based on physical properties along with strength , grouts are;
classified as Course and fine grouts

Course grouts : -Particulate grouts, Penetrability is dependent on
the particle size

Fine Grouts : Low viscous chemical grouts are termed as fine
rained groutsPenetrability is a function of gel time and initial
viscosity

Cement based grouts such as neat cement, cement admixture,
cement sand grouts are used

Helps reducing the mass permeability and increasing the strength
of natural formations

*Types
Neat cement
Cement with bentonite
Cement sand grout
Cemnt bentonite clay
Cement with fly ash
Cement with chemical admixtures

Chemical based fine grout
In this chemicals are introduced at high pressure.

Chemical grouts are more expensive than cement grouts.

Since there are no granular material, can be injected into any
formations with a reasonable sized opening.

Require less pumping pressure-low viscosity.

1. 5

Some of the applications of reinforced earth include its usge in
stabilization of the soit by increasing the California bearing ratio
of the soil, I can also be used to construet retaining walls and

bridee abutments for hiolway and railway applications. 1t iy
& > 1

applied in control of erosion.
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1.2

The various types of soils can be compacted in the field by three
methods
1. Rolling
2. Ramming
3. Vibration
Corresponding to these various compacting equipment can be
grouped Under three categories Rollers, Ramming
equipment and Vibrating equipnient
« The rolling equipments are of five types
% Smooth-wheel rolier (drum)
b  Pneumatic tyred roller
% Sheepsfoot rollers
< Lorries and Pneumatic tyred construction plant

Track laying vehicles

1.3

Clepnent Stabilization: Cement stabilization is a construction
and geotechnical engineering technigue that involves mixing
cement into soil to improve its engineering properties. This
srocess enhances the soil's strength, durability, and workabilisy,
making it suitable for a variety of construction applications.
Purpose:Cement stabilization is primarily used to modity the
sroperties of soil, improve the load-bearing capacity, reduce
setifement, and increase the durability of the treated soil.

I, Materials:

e Poriland cement i3 the most cornmonly used cementitious
material for stabilization. 11 is mixed with the soil in
predeterined proportions.

Process:

s The cement and soil are mixed fogether thoroughly.
either in situ {(on-site) or It a cemtral mixing plant, 1o
achieve a bomogerieous mixiure,

s The mixiure is then compacted to the desired density,
often using heavy construction equipment ke
compactors or rollers,

o Water may be added to achieve the optimum moisiure

conient for compaction.
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1.6 |[Geosyntheiics have been successiully used to fulfill a number of
functions that contribute significantly to the good performance

of roadways. They include the functions of separation; filiration;

reinforcoment, stiffening, drainage, barrier, and protection.

[I.7 | Consolidation: Compaction:
pracess that primartly deals | by the elimination of air
with the expulsion of air and | voids in a refatively shont
vater from the soil peiiod.
Slow process Quick process
Loading is static and Loading is applied in a
consiant, dynamic way.
It begins naturally along with | 1t is done before the
the construction work, construction of structure.
Only cohesive soil is Preferred for both cohesive
preferred and cohesioniess soil
Occurs naturally Done artificially to improve

the density
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PARTC 60
I, a) 7 7
Vacuum Method of Dewatering: The vacuum method of
dewatering 1s a method to remove water from the grouad,
typically in excavations, nnels, and construction sites where
proundwater ingress is a significant concern. This method
mvolves the use of vacuum pumps and wells to create a
pressure differential that draws water out of the ground.
1. Principle of Operation:
The vacumm dewatering method relies on the principle that
Jowering the air pressure withina well or & sysiem of wellpointy
can reduce the waier table and Induce the flow of groundwater
toward the lower pressure zone.
2. Componenis:
Vacuum Pamp: A vacuum puinp is the core component of
the systern. 1t creates the low-pressure environment within
the wellpoints or wells, causing water 1o rise and be drawn
ok,
Wellpotnts: These are small-diameter, perforated pipes or
fubes that are installed in the ground around the arca to be
dewatered. They are connected to the vacuum pump.
« Header Pipe: Wellpoinis are conneeted to a header pipe,
which, in turn, is connecied to the vacuum pump.
s Control System: A control system regulates the vacuum
Jevel and manages the dewatering process, including
monitoring groundwater levels,
b) Well Point System OF DEWATERING: Fig -3 8
Exp -5

Diagram

A well point systemm is a commonly vsed method for dewatering
cxcavations, construction sites, and foundations where

croundwater needs to be lowered 10 Tacilitate congiruction or
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prevent water infiltration. It involves the ingtaliation of a series
of closely spaced well poinis, connected to a vacuum or suction
pumip, 10 lower the groundwater table in the vicinity of the
exeavalion. Here's an explanation of the well point dewatering
sy stenm:

Components of 3 Well Point System:

el

Well Points: Well points are small-diameter pipes
(typically 110 2 inches in diameter) with sereened
openings at the bottom. These screens prevent soil
particles from eitering the well point while allowinig
water to flow in. Well points are driven or jetied into the
pround and are spaced closely topether along the
perimieter of the excavation.

Header Pipe: A header pipe is a larper-diameter pipe
connected o the well points. It collects the waler from
the well points and conveys it o a central collection
point,

Vacuom Famp: A vacuum or suetion pump is used to
create 4 negative pressure or vacuum i the header pipe.
This vacuum lowers the groundwader table around the
well points, causing water to flow into the system.

IV,

a)

Any 7
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IV b

b

i submorsihle

e {he

Fig -3
Exp -5

Fiteminous Soil Stabilization

Soil stabilization using bitumen, often referved to as bituminous
soil stabilization, is a commeon technique emploved in civil
engineering and road construction to improve the engineering
properiies of soil materials, This process involves the addition
of biturninous materials, such as bitumen or asphalt, to native
soils to enhance their strength, dorability, and resistance to
water infilfration.

Materials and Equipment:

1. Biwminoas Binder: This can be In the form of bitimen
(agphall) or bituminous emulsions. The choice of binder
depends on project requirements, local availability, and
chvironmenial congiderations.

Sail: The native soil to be stabilized should be
thoroughly tested for 18 characieristics, including
gradation, plasticily, and moisiure content.

B

3. Cempaction Bguipment: Compactors, such as
vibratory rollers or ppeumatic tire rollers, are vsed

Procedure for Sail Stabilization Using Bitumen:
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L4

.

Soil Analysis: Conduet a comprehensive analysig of the
native soil o determine its properties and
characteristics, Thig includes gradation analysis,
Atierberg Himits (Hguid Hmit, plastic Hmit), and
maisture content lesting.,

Design Mix: Based on the goil analysis, design a
bituminous mix that specifics the type and percentage of
bituminous binder 1o be added to the soil. Generally,
bitumen percentages for soil stabilization can range
from 5% to 14% or more,

Preparation of Bituminoeus Binder: Heat and liguety
the bitumen to the specified temperature range
(typically between 140°C and 160°C) to achieve proper
mixing and coaiing of the soil particles.

Mixigg: Introduce the bituminous binder into the soil
using a pug mill, mechanical mixer, or in-place mixing
equipment. The mixing process should be thorough o
ensure that the binder coats the soil particles unitormly.
Comepaction: Place the mixed material in the desired
loeation and compact 11 using heavy compaction
equipment. Achieve the specified compaction density to
ensure adequate strength and stability.

Curing: Allow the stabilized soil to core for a specified
period, which can vary depending on the type of
bitumen used and the environmental conditions, This
curing period allows for the binder to set and bond with
the soil particles.

Cuality Cantrel: Conduct guality control tests,
including density, moisture content, and strengih tesis,
o ensure that the stabilized soil meets the project's
specifications.

b)

Cirouting is a versatile construction and geotechnical
engineermg technique used for various applications to enhance

the stabihty, durability, and functionality of structures and
subsurface environments,

a3 B v

[ R

~F O

8.
9,

XS

Foundstion Support and Underpinning:
Hail Stabilization:
Tunneling and Underground Construction:

Dams and Reserveirs:
Groundwater Controk:

Soit Improvement:

Pipeline and Utility Buct Sealing:
Bock and Soif Anchoring:

Cavity and Void Filling:

onérete Repalr and Craek Injection

Page 8 of 11



Mechanical stabilization is the process of altering soil properties) 7
by changing the gradation through mixing with other soils.
) #1114 2 : ;
densifying the soils using compaction efforts, or undercutting the

existing soils and replacing them with granular material,

Explain with procedure

Fig-3
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b)

The various fields of applications of geosynthefics:

Soil Erosion Control

Road and Pavement Construction:
Retaining Walls and Slepe Stability:
4. Landfills and Waste Magsgement:
5. Water Magagement and Drainage:.
6. Pond and Reservolr Liners:

7. Cloastal and Marine ogineering:
8. Rablway and Alrport Pavemnents:

9. Geotechnical Engineering:

10, Vepetated Reinforcoment:

i1, Agricalture and Aguaculture:

12, Tunneling and Miging:

g e

List-2
Exp-6

VI

a)

1. Geogrids:

«  Dreseription: Geogrids are synthetic materials
with a grid-like strocture made of polymers,

such as polyesier or polypropylene.

»  Funetion: They are used (o improve soil
stability, reduce soil settfernent, and reinforce
retaining walls, embankments, and slopes,
Geogrids work by distributing loads and

confining soil pariicles.
2. Greotextiles:
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s Beseription: Geotestiles are permeable fabrics
made of synthetic or natural fibers.

o Fenction: They are used for filiration,
separation, and reinforcement. Geofexiiles can
be placed between soil layers to prevent mixing,
improve drainage. and enhance soil stability.
They are commonly used in road construction
and erosion control.

30 Geoeells:

s Deseription: Geovells are thyee-dimensional
honeyeomb-like structures made of high-density
polyethylene (HDPE)Y or other materials.

«  PFupetion: They are used 1o confine and stabilize
evanular materials like soil or aggregate.
Geocells are employed in slope proteciion,
erpsion conirol, and load support applications.

4. Geomembranes:

Fapction:

s (Geomembranes are impernmeable, thin sheets or
menibranes made from synthetic materials such
as high-density polyethylene (HDPE),
polypropylene (PP). or polyviny! chloride
PV

e Their primary function is to act as a barrier ov
finer to prevent the passage of liquids, gases, or
contaminanits through the uiderlying soil or
subsirate.
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1 X

PROCEDURE

1. Check the inner dimension of the soil container.

2. Put the parts of the soil container together.

3. Calculate the volume of the container. Weigh the container.
4. Place the soil in smooth layers (approximately 10 mm thick).
If a dense sample is desired tamp the soil.

5. Weigh the soil container, the difference of these two is the
weight of the soil. Calculate the density of the soil.

6. Make the surface of the soil plane.

7. Put the upper grating on stone and loading block on top of soil.
8. Measure the thickness of soil specimen.

0. Apply the desired normal load.

10.Remove the shear pin.

11. Attach the dial gauge which measures the change of volume.
12. Record the initial reading of the dial gauge and calibration|
values.

13. Before proceeding to test check all adjustments to see that
there is no connection between two parts except sand/soil.

14. Start the motor. Take the reading of the shear force and
record the reading.

15.Take volume change readings till failure.

16. Add 5 kg normal stress 0.5 kg/em®and continue the
experiment til] failure

17. Record carefully all the readings. Set the dial gauges zero,

before starting the experiment
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b)
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The determination of consolidation propesiics of soil in a
laboratory seiting is typically performed using a test called the
Consolidation Test or Oedometer Test.Proceduye:
1. Bample Preparation:
Teim and prepare the soil sample (o the desired dimensions
and place it ingide the oedometer cetl.
Ensure that the soil sample is free of air voids or gaps and is
properly seiurated with water.
2. Assemblys
Assemble the oedometer cell with the soil sample, porous
stones, und dial gauge according to the test apparatus
specifications. '
3. Initial Loading:
o Apply a small initial load 1o the soil sample to ensure good
contact and eliminate any remaining air voids.
« Record the initial thickness (height) of the soil sample,
4. Saturation:
Place the assembly in a water reservoir or mainiain a
constant head of water above the soil sample.
5. Conzolidation Testing:
Gradually apply incremental loads to the soil sample at
gpecific fime intervals.
Measure the setilement (compression) of the soil sample al
each load increment using the dial gauge or displacement
transducer.
Record the time and corresponding load values,

6. Prata Collestion:
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Continue loading the sample until it has undergone sufficient

consolidation, typically until the seitlement rate becomes

constant,

Record the {inal thickness of the soil sample.

7. Caleulation:

Calculate the settlement and plot a graph of settlemment versus
the logarithm of time,
From the graph, deferming the coefficient of consolidation
(ev), which is a measure of the rate ail which the soil
consolidates.

b)

Advantage of direct shear test

.

Disdvantage of Direct Shear Test

-

The direct shear test is a simple test and relatively fasy
especially for granular soils .

The basic principle is easily understood which can be
extended to gravelly soils and other materials containing
large particles.

The apparatus is relatively cheap.

In the test, the failure plane is predetermined (horizontal),
and it may not be the weakest one.
The stress distribution along the failure plane 1s nof]
uniform.
Failure is progressive, and the soil's shear strength is

gradually mobilised.
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