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Soil Mechanics-IICourse Overview and objetices

Dr. Attaullah Shah
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Soil Mechanics-II

Objectives: To apply principles of soil mechanics to
engineering

problems pertaining to retaining structures, foundations

and embankments.

Retaining Structures include Retaining wall, dikes, dams

etc.

Foundation: Types and design principles

Embankments: Filling and cutting etc.
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Course Overview

1. Permeability

Permeability through stratified layer of soils.

Seepage,

Quick sand conditions, Design of filters.
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2. Stress Distribution Westergard and Boussineq's theories.

Pressure bulb,

stress distribution diagram on horizontal andvertical
planes.

Stress at a point outside the loaded area.

Newmark's influence charts.

Vertical stresses due to a line and strip loads.

Fadum's charts, approximate method.
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3. Consolidation

Normally consolidated and over-consolidated

clays.

Detennination of pre-consolidation pressure.

Time-settlement diagrams.

Settlement analysis.

Theories of settlement of building.
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4. Earth Pressures Active and passive earth pressure.

Pressure at rest.

Coulomb's and Rankine's theories. Pencelete method.

Coulmann's method.
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5. Bearing Capacity Definition: gross, net, ultimate, safe
and

allowable bearing capacity.

Sources of obtaining bearing capacity.

Presumptive values from Codes.

Plate loading and penetration tests.

Terzaghi's theory and analysis.

Hanson's theory,

Effect of water table on bearing capacity
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6. Stability of Slopes Types of slopes,

Factors affecting stability,

Methods of analysis: Taylor's stability numbermethod, Swedish
circle method.

Types of failure and remedial measurements.
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7. Soil Stabilization Basic principles and objectives.

Various methods of soil stabilization.
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8. Earthen Dams Types of dams. Components and functions,

Earth dams.

General design consideration and Typical cross-section.

General Design Considerations.
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9. Introduction to deep foundations:

Types of piles,

Load carrying capacity of piles,

Group action, negative skin friction,

Pile load test.
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10. Soil Improvement:

Basic principles ,objectives and methods.

11. Soil Dynamics:

sources of dynamic loading,

spring-mass-dashpot system,

application to machine foundations,liquefaction.
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Distribution of Marks:

Total Marks: 100

Sessional Marks: 60

Assignments: 10 Quiz: 10

Mid Semester Exam: 20

Practical/Viva voce Exam: 20

Final End Semester Exam: 40
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SOIL PERMEABILITY AND SEEPAGE
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Soils are assemblages of solid particles with interconnected

voids where water can flow from a point ofhigh energy toa point
oflow energy.

The study of flow water through porous media is

important for stability analyses of earth retainingstructures
subjected to seepage force

Permeability:

The property of soils that allows water to pass through themat
some rate

The property is a product of the granular nature of the
soil,

although it can be affected by other factors (such as water

bonding in clays). Different soil has different
permeabilities.15
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The permeability of soils has a decisive effect onthe stability
of foundations, seepage loss through

embankments of reservoirs, drainage of sub

grades, excavation of open cuts in water bearing

sand, rate of flow of water into wells and manyothers.

16
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Hydraulic Gradient

As perBernoulli's equation, the total head at anypoint in water
under steady flow condition may

be expressed as

Total head = pressure head + velocity head +

elevation head

17
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As the water flows fromA to B, there is an energy loss which
isrepresented by the difference in the total headsHA, and HD

where,pA and pB = pressure heads, VA and VB = velocity, g -
acceleration due to gravity,

yw = unitweight of water, h = loss of head.

For all practical purposes the velocity head is a small quantity
and may be neglected. The

loss of head ofh units is effected as the water flows from A to
B. The loss of head per unitlength of flow may be expressed as

i = h/L

Where i is called the hydraulic gradient.
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DARCY'S LAW Darcy in 1856 derived an empirical formula for the
behavior of

flow through saturated soils. He found that the quantity
ofwaterq per sec flowing through a cross-sectional area of soil

underhydraulic gradient i can be expressed by the formula.

q = kiA

or the velocity of flow can be written as v = ki where k is
termed the hydraulic conductivity (or coefficient

of permeability)with units of velocity.

A is the cross-sectional area of soil normal to the
direction

of flow It is found that, on the basis of extensive
investigations

made since Darcy introduced his law in 1856, this law

is valid strictly for fine grained types of soils.

19
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METHODS OF DETERMINATION OF HYDRAULICCONDUCTIVITY OF SOILS

Methods that are in common use for determining

the coefficient of permeability k can be classified

under laboratory and field methods.

Laboratory methods:

Constant head permeability method Falling head permeability
method

Field methods:

Pumping tests Bore hole tests

Indirect Method:

Empirical correlations20
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CONSTANT HEAD PERMEABILITY TEST

The sample of length L and cross-

sectional area A is subjected to a head hwhich is constant
during the progress of a

test. A test is performed by allowingwater

to flow through the sample and measuring

the quantity of discharge Q in time t.

The constant head permeameter test ismore suited for coarse
grained soils such

as gravelly sand and coarse and medium

sand.

21
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Problem

A constant head permeability test was carried

out on a cylindrical sample of sand 4 in. in

diameter and 6 in. in height. 10 in3 of water was

collected in 1.75 min, under a head of 12 in.Compute the
hydraulic conductivity in ft/year and

the velocity of flow in ft/sec.

22
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HYDRAULIC CONDUCTIVITY IN STRATIFIEDLAYERS OF SOILS

Hydraulic conductivity of a disturbed sample may be

different from that of the undisturbed sample even thoughthe
void ratio is the same.

This may be due to a change in the structure or due to the

stratification of the undisturbed soil or a combination of
both

of these factors. Two fine-grained soils at the same void ratio,
one dispersed

and the other flocculated, will exhibit different
permeabilities.

The average permeability of stratified soil can be computed

if the permeabilities of each layer are determined in
thelaboratory.
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Flow in the Horizontal Direction

When the flow is in the horizontal direction the

hydraulic gradient i remains the same for all the

layers. Let V1, V2, ..., Vn be the discharge

velocities in the corresponding strata then

24
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Hydraulic conductivity of some soils

25
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Recommended Books

1. Foundation Analysis and Design by Joseph E.Bowles (5th
edition), McGraw-Hill

2. Principles of Foundation Engineering by Braja M.

Das 5th Ed, Thomson-Engineering

3. Soil Mechanics in Engineering Practice by K.

Terzaghi and R. B. Peck John Wiley and Sons

4. Elements of Foundation Design by G. N. Smith

and E. L. Pole. Granada, UK
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