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Lecture -5
Shallow Foundation: Introduction

Hello. Today, | will start my second module, that is, on shallow foundation. Before |
start on the shallow foundation, I will discuss about two other geophysical explorations,
that is, the part of our previous module that is, soil exploration. First, I will finish that

part, then | will start this shallow foundation section.

(Refer Slide Time: 00:48)

Geophysical Exploration

m Seismuc refraction survey

m Seismic reflection survey
» Cross-hole seismic survey

m Resistivity survey

In the last lecture, 1 have discussed about the geophysical exploration; and | have
discussed about the seismic refraction survey and seismic reflection survey. Now today, |
will discuss about the two other geophysical exploration methods that is cross-hole

seismic survey, and then resistivity survey.



(Refer Slide Time: 01:13)

Cross-hole seismic survey

m The velocity of shear waves created as the result
of an mmpact to a given sol layer can be
effectively determune by cross-hole seismic
survey.

m A vertical impulse 1s created at the bottom of
one borehole by means of an impulse rod.

m The shear waves are generated and can be

__recorded by a vertical sensitive transducer.

NPTEL

In the last class, | have discussed that we can use the seismic refraction survey to
determine the velocity of the seismic wave that is passing through different soil layers;
and we can determine the thickness of the soil layer. But the condition is that in the
seismic refraction survey that velocity of each layer should increase as we go in the
higher depth. So if there is any layer, which is not following this pattern; that means, the
velocity of a particular layer, which is not greater than the velocity of the particular shear
of seismic wave within that layer; that means that layer velocity is less than the velocity

of the above layers.

Then it will be very difficult to determine the properties for that particular layer, because
then we cannot determine this property if that condition that means, the velocity of the
wave in the layer will increase if we go in the higher depth. So, for this limitation, if any
particular layer is present, whose velocity is not greater than the velocity of the previous

layer, then we will go for the seismic cross-hole survey.

Now, in this seismic cross-hole survey, the velocity of the shear wave created as the
result of an impact to a given soil layer that can be determined by seismic cross-hole

survey.



(Refer Slide Time: 02:54)

Cross-hole seismic survey

* The velocity of
the shear wave,
can be calculated
as:

* Now, v =

g

“Where G=shear modulus of soil, y=soil unit
“""Wweight and g=acceleration due to gravity

Now, suppose in this particular seismic cross-hole survey, we need the boreholes, at least
two boreholes, where this depth of the boreholes - we can determine based on the
position, where we want to determine the soil properties or the velocity of the shear
wave; that means, we have to go for that depth and then we can place these two
boreholes here; we can place this vertical transducer by which we can measure this wave.
And, this is another borehole, where we can create the shear wave. So, this vertical
impulse is created at the bottom of the one borehole by means of an impulse load. So,
here by this impulse rod or impulse load, we can create a vertical impulse for a particular

borehole; that means, this will generate a shear wave.

Once we go for this impulse, the shear waves (Refer Slide Time: 04:12) are generated
and can be recorded by vertical sensitive transducer; that means, here (Refer Slide Time:
04:21) two boreholes are there. So, here we can by using the impulse rod, we can create
one vertical impulse wave and that will generate the shear wave. And, in another
borehole, which is at a distance say L; from this point to this point, this distance is L,
where we can place a vertical velocity transducer, which can measure or record this shear
wave. So, here first, we create one shear wave by using a vertical impulse and this
transducer can record the shear wave. So, the time... This is the total system. So, the

time required to travel this shear wave from this point to this point - that we can record.



Suppose if the distance between (Refer Slide Time: 05:13) this point or this vertical
impulse point, where the shear wave is generated and this point, where the wave is
recorded, then this distance is say L. So, if we can measure the time required to travel the
wave from this source point to this receiver point, then we can determine the velocity of
this shear wave by using this expression; that means, the velocity of the shear wave will
be L by t. So, in this way, we can determine the shear wave velocity for any layer or
within the soil; that means, after that required depth, we have to... The depth of borehole
will be that particular depth. And, here at the bottom of this borehole, we have to place
this transducer; and, by the use of this impulse rod, we can create shear wave. So, at any

point, we can determine the shear wave velocity within that particular layer.

Here (Refer Slide Time: 06:21) no such condition is there; that means the shear wave...
that means here directly we can measure the velocity. So, once we get this shear wave
velocity, then by using this expression... This is the shear wave velocity expression, that
is, G divided by gamma by g, where G is the shear modulus of the soil; gamma is the soil
unit weight; and, g is the acceleration due to gravity. Once we know this unit weight of
the soil and G value and we know this velocity, by using this expression, we can
determine the shear modulus of that soil layer. So, by using this expression, we know
this velocity that we can calculate from this length and time if we know this length and
time; and, this is the unit weight of the soil; and, g is the acceleration due to gravity. So,
we can determine the shear modulus of the soil. So, in this wave, we can determine the
shear modulus of any soil layer at any particular depth from the ground surface by using

this technique.

Next one is the resistivity survey. First one is this cross-hole seismic survey. We can
determine the shear modulus of the soil and the velocity of the shear wave within that
particular layer. Now, next one that another geophysical survey, where we can use the
electrical resistivity in this expression; this electrical resistivity is a rho, will be RA
divided by L; where, I is the electrical resistance of a particular material; and then, A is
the cross section area of that material; and, L is the length of the material. So, if we know
this R, A, L, then we can determine the electrical resistivity of that particular material.
With this technique or this principle, we can use here also to get the properties of the soil

or the thickness of the soil.



(Refer Slide Time: 07:32)

Resistivity survey

Electrical Resistivity
R4
L

£

Non for homogeneous soil

o 2xdV
A=

R= electrical resistance
A= cross section area
L=length

d=electrode spacing

(Refer Slide Time: 08:44)

Resistivity survey

® Four electrodes are driven into the ground and spaced
equally along a straight line (Wenner method)

® Two outside electrodes are used to send an electrical
current, [, into the ground (typical range of 50 — 100

mill amperes)

® The voltage drop, V, 1s measured between the two

mside electrodes.

Now, this resistivity surveys - how we can conduct the survey? These four electrodes are
driven into the ground and spaced equally along a straight line. This arrangement is
called Wenner method. Here these (Refer Slide Time: 09:00) are the four electrodes; this
is 1, 2, 3 and 4. These four electrodes are driven into the soil layer in a straight line with
equal space. Suppose this equal space... that means, this d is the distance between the
electrodes. Here we can write this is the electrode spacing or the spacing between the
two electrodes. So, we have four electrodes we can driven in the soil. And then, the

(Refer slide Time: 09:32) two outside electrodes are used to send an electrical current |



into the ground; typical range of this current - 50 to 100 milli amperes. So, by using this
(Refer Slide Time: 09:43) outside two electrodes, the current | is passing through this

ground. So, this current is passing through the ground.

And, the corresponding voltage drop V (Refer Slide Time: 10:00) is measured between
the two inside electrodes. Now, after passing the current through this (Refer Slide Time:
10:08) soil layer, then the corresponding voltage drop V is measured by using these two
inside electrodes. So now, we know what is the value of I, the current that is passing
through the soil layer by using the outside two electrodes; and, the corresponding voltage
drop is measured by two inside electrodes. Now, this d is the spacing between the
electrodes So, if we know these properties, then we can measure, for a homogeneous
soil, this resistivity value rho will be 2 pi d V by I. So, here we can measure the electrical

resistivity of a homogeneous soil.

(Refer Slide Time: 10:56)

Material Resistivity (ohm-m)

Sand 500 — 1500
Clays, saturated silt 0 =100
Clayey sand 200 — 500
Gravel 1500 — 4000
Weathered rock 1500 — 2500

Sound rock > 5000

Now, if we use this chart, these are the different soil materials or different soil has its
own resistivity range. If we know the range of the resistivity of that particular soil
material, then we can identify which type of soil it is. For the sand, this resistivity range
is 500 to 1500 ohm meter; and, for clay or saturated silt, this range is 0 to 100; for clayey
sand, this range is 200 to 500; for gravel, this range is 1500 to 4000; for weathered rock,
this range is 1500 to 2500; and, for sound rock, this value is greater than 5000. So, if we

know the range, from this resistivity survey, we can measure the resistivity for the



homogeneous soil layer. Then we can determine or we can identify that, what type of soil

itis.

Now, this is (Refer Slide Time: 12:05) for homogeneous soil. But for most of the cases,
this soil is not homogeneous. So, in that case, how we will determine the thickness of
each soil layer and the resistivity of this each soil layer? We can explain in this way that,
for that particular case, if the soil is not homogeneous, then we can change this spacing
between the electrodes. This is this is the d. So, we can change this d value, because we
will still place these four electrodes in a straight line, but these are equal space. But we
can change the spacing here. So, if we change the spacing for these different points, then
we can determine the resistivity for that particular spacing. So, once we get the resistivity
for that particular spacing, then we can plot this diagram, where this is the distance of the
electrode; this x-axis represents the distance between the electrodes or spacing between
the electrodes; and, this y-axis is the summation of the resistivity. So, we can plot. So,
once we get the resistivity for this particular spacing, then we can sum all the resistivity
that we are calculating; then, we will plot this graph. So, once this is the value for a
particular d, then corresponding summation of the resistivity you can plot here. So,

ultimately, we will get this type of plot.

From here (Refer Slide Time: 13:48) we can see from this plot that there is a junction
for... or change of slope of this plot or this line. So, this change of slope, this particular
point indicates a corresponding distance d; that indicates the thickness of the first layer.
So, if this is the first layer, whose resistivity is say rho 1 and this is the second layer,
whose resistivity is rho 2; then this point where this slope is changing for this particular
graph, the corresponding d value - that will give the thickness of the first layer. And, the
slope of each straight portion - that slope will give the resistivity for each layer. So, for
different d, we can plot this graph corresponding the slope of each layer; or, each straight
portion will give the resistivity of each layer. So, this slope will give the resistivity of the
first layer; then, this slope will give the resistivity of the second layer. And, the point,
where these two slopes... or the slope is changing, then corresponding d will give the
thickness of the first layer. So, these are the four different seismic geophysical
expressions. Here this is (Refer Slide Time: 15:33) the table.



(Refer Slide Time: 15:35)

Subsoil Exploration Report

The scope of the investigation

\ description of the proposed structure

A description af the location of the site

Geological setting of the site

Details of the field exploration: No. of boring, depth of
boring, type of boring etc.

General description o [ the subsoil conditions

Water table location

Foundation recommendation: type of [oundaton,
allowable bearing capacity etc.

~onclusions and limitations

We have done the all the possible methods by which we can determine the soil
properties: the thickness of the soil layer and the depth of that soil layer, where we have
formed the ground surface; then, the location of the ground water table from the soil.
And, we have done the laboratory test also to determine that the samples are those we
have collected from the field; that we can test in the laboratory to get the different
properties. As | have already discussed that, the shear strength parameters or properties
and the consolidation properties - those are the most important engineering properties,
because for any design of foundation, this shear strength and the settlement, which is
related to the consolidation of the soil, are the most two important (( )) criteria of the
design. So, shear strength parameter of the soil are the most two important (( )) of the
design. So, shear strength parameters have been C 5; and, the consolidation property,
which is related to the permeability of the soil - these properties are the most important
engineering properties of the soil. As | have mentioned that, to determine these important
engineering properties, we have to always collect the undisturbed sample to determine

these properties, because these properties are very important.

And, other engineering properties also we can determine; where, some cases we can use
the representative although the undisturbed; but representative soil sample - | have
discussed, where we have to use those representative soil sample; under what condition,
what type of laboratory test, would determine what type of material properties of the soil

or engineering properties of the soil. So, those things we have discussed. Now, once we



get all the properties, then we have done the soil exploration (()) and then how we will
prepare the report? What are the components of a soil exploration report? That part is
that this soil exploration report - this is... The (Refer Slide Time: 17:41) first we have to
write the scope of the investigations. What is the scope of the investigation for a
particular site? Then, this description of the proposed structure. So, what will be the type
of structures, will be constructed on that particular site? That description should also be

incorporated in the report.

Then, the (Refer Slide Time: 18:03) description of the location of the site — where the
site is located? So, that description also we have to give. Then, the geological setting of
the site beyond the geological condition of that site; then, details of the field exploration.
So, what will be the detail of the field exploration that we have to include in the report?
That means the number of boring or the borehole, the depth of the boring, and the type of
boring — which type of boring we will use; and, the number of borehole; and, the location
of the boreholes, where we will place the borehole. Then in the map, we have to indicate

the position of these boreholes in the depth of boreholes.

Then, the general description of the subsoil condition - once we get this (Refer Slide
Time: 18:49) data; what is the general description of the subsoil condition. And then, the
location of the water table - that we have to also include in the report; then, foundation
recommendation - the type of foundation; what type of foundation? Either we will go for
the shallow foundation or we will go for the deep foundation. If it is a shallow
foundation, what type of foundation, either it is mat foundation or isolated footing? So,
those things all will go for the combine footing. Those things we have to recommend
here in the report. And then, the allowable bearing capacity of the soil - this is very
important that what is the allowable bearing capacity; that means the load carrying
capacity of the soil; that is, that of how much load will be allowed in that particular soil?
So, two criteria... These basic two conditions that is, the bearing capacity condition and
the settlement condition. So, this allowable bearing capacity - what is the allowable
bearing capacity? Those things | will discuss in the next module.

Then, the conclusion and the (Refer Slide Time: 19:47) limitation - what are the
limitation of these exploration process? And, what is the conclusion? Then, those things
we will look. So, this is the complete report components that we have to include in our
report.



(Refer Slide Time: 20:00)

Graphical presentations

m Site location map
»

m A plan view of the location of the boring with
respect to the proposed structures and those
existing nearby

m Laboratory/field test results

m Boring log

Then, the graphical representation - these are the... Then, with this report, we have to
produce some graphical representation also; what are the different components. And, this
is the site location map; that means, site map - we have to include in the report. Then, the
plan view of the location of the boring with respect to the proposed structures and those
existing nearby — where the proposed structure plan; and then, the corresponding boring
location we have to show; and then the existing structure - if there is any existing
structure also, then the position of this existing structure also have to be mention in that
report. Then, the laboratory and field test results - that we have to report. And then, the

boring log - now, this boring log is also important.

Boring log means — suppose this is a particular boring log, where we have to indicate the
depth wise starting from the ground surface. So, what are the different types of soil?
What is the classification of the soil if there is N value and if SPT we are conducting?
We have noticed the N value at different waves. What is the description of the soil type?
Suppose this is the bore log example 1. This is the description of N of the strata; then, the
R L - the reduced level of that particular strata; then, the legend; then, the depth of this
particular soil; then, the samples, where this representative or undisturbed... R means the
representative and U is the undisturbed; N is the S P T value; g u is the load carrying
capacity or ultimate load carrying capacity of the soil; remarks over the position of the
water table. Those things we have to mention in that borehole.



(Refer Slide Time: 20:48)

Boring log
BHOREHOLE LOG

Location: BH No: 1

Project: Ground R L: 46.3 m
Boring method: Shell and auger Date of start: 1.1.1998
Diameter: 150 mm Completed on: 4.1.1998

Description of start F Legend h pl N klsf,;m Remarks

Loose, light brown
SAND (SP)

Very dense, red,
X silty SAND (SM)

50 for level of borehole
150mm 30.0m

Particular to this borehole, this is the loose light brown sand; the classification is s p; that
means this sand with fully gridded. And, this is R L position of this particular layer, is
43.7 meter. Then, this is the legend; the depth is 2.6 meter below the ground surface.

Here (Refer Slide Time: 22:17) with the soil sample, that is, collective; that is,
representative. And, the N value for this level is 18 and 16. And, this is the ultimate load
carrying capacity. This is 160 kilo Newton per meter square. And then, what is the
position of the water table? Then, what is the diffuser of this N value, is observed. Then,
all these things we have to mention in that particular borehole. So, this is the different
soil strata description basically we are presenting in this form. So, again, U is the
undisturbed; and R is the representative soil. So, this is the borehole. So, these all
components we have to include in a soil report. So, once this report is finalized, then we
have to submit this report in the design office, so that the proper foundation can be

designed.

Now, the next part that | will start is the shallow foundation (Refer Slide Time: 23:24).
Up to this, we have done the soil exploration part. Now, we know the different
components of the engineering properties of the soil; then, the different soil strata
thickness; then, the location of the water table; what is the allowable bearing capacity or
the load bearing capacity of the soil. So, roughly, these things we know. Now, based on
that, we will design our foundation. So, now for the design of foundation, either what



type of foundation we will choose; either we go for the shallow foundation or the deep
foundation. Then, those things we will discuss here. Once we get this soil exploration

report, then based on that, we will go for this design part.

Now, another thing here in the soil exploration part - this plate load test is also another
field test that is conducted in the field to get the load carrying capacity of the soil. But
this plate load test description - I will cover in this shallow foundation part in this

module 2.

(Refer Slide Time: 24:36)

® (a) Shallow foundations: D, S B

® (b) Deep foundations: D> B

NPTEL

Shallow foundation means... What is the shallow foundation? This is typically two
different types of foundation: one is this, is the shallow foundation; and, this is the pile or
the deep foundation. Now, the definition of the shallow foundation is, suppose this is the
width of the foundation B and D f is the depth of the foundation. In the shallow
foundation is, if D f is less than equal to B - width of the foundation, then this is called
the shallow foundation. If D f is greater than the B, then this is called the deep
foundation. In few cases, if D f is also equal to 3 to 4 B, then it is also called as shallow
foundation. Now, these are the different components; this is the width and the shallow
foundations; this is the pile foundation; this is the deep foundation. Here this load is
transferred to this pile for a hard strata; or, this can give the... The resistance is coming

by the frictional resistance and the bearing resistance.



(Refer Slide Time: 25:48)

Types of shallow foundations
pe

; 3 Applied soil prcssure:
NPTEL BL

Now, these are the type of shallow foundations. This is the column and this is the

particular foundation, where B is the width of the foundation; L is the length of the
foundation; and, D f is the depth of the foundation. This is the applied soil pressure,
which is basically Q by B into L. Now, if it is the rectangular footing, then this is B L; if
it is a square footing, then B will be equal to L; then, this value will be Q divided by B
square. So, this is the pad footing or the spread footing, where either rectangular or

square.

(Refer Slide Time: 26:37)

Types of shallow foundations

Strip footing

0

Applied soil pressure: [_.

. B

NPTEL




The next one is the strip footing, where the length of this footing is much greater than the
width of the footing. This is the particular wall, which load is acting here Q; and, this is
the depth of the foundation - B; and then, applied soil pressure — we can write here Q by
B. Here this is... If the load is kilo Newton, then B is meter; then, this Q will be kilo
Newton per meter. But in this previous (Refer Slide Time: 27:11) case, if load is kilo
Newton and this B, L is in meter, then this will be kilo Newton per meter square. So, this

is the strip footing, where L is much greater than the B.

(Refer Slide Time: 27:28)

Types of shallow foundations

Raft or Mat

X 'S",'I)P()ll s multiple columns and walls foundation
NPTEL .

The next one is another type of shallow foundation, which is raft or mat foundation;
where, this is the isolated...; this is the column; or this is multiple column and this is the
wall of the structure. So, all this combined thing is called the mat foundation or the raft
foundation; where, this is the column position; and, this is the total foundation system.
This is where these multiple columns and wall system. So, this type of shallow

foundation is called raft or mat foundation.



(Refer Slide Time: 28:07)

Two main characteristics

® The foundation has to be safe against overall

shear faillure in the soil.
m The foundation cannot undergo excessive

settlement. X

Now, when we design particular foundation, then these are the two main characteristics;
or, we you can say these are the two design criteria that we have to always follow. Then
the foundation has to be safe against overall shear failure in the soil; and, the foundation
cannot undergo excessive settlement. So, that means this first criterion is the bearing
capacity of the criteria; that means, the load carrying capacity of the soil. So, this is the
first criteria that, this soil should not fail against shear due to the applied loading. And,
second one - the foundation cannot undergo excessive settlement. So, this is the
settlement criterion. So, these both criteria we have to follow. And this the minimum...
From here this load carrying capacity character will get one load; that is the load carrying
capacity of the soil; that means the load that can take this. If we go for the safe load, then

we have to apply the factor of safety. So, here we will get one load.

And, from this (Refer Slide Time: 29:19) settlement criteria, we will get another load or
limiting load. So, the minimum one we have to provide as the allowable bearing capacity
of the soil. We will discuss these things - what is the allowable bearing capacity? How to
calculate the load from this settlement criterion and this bearing capacity criterion?

Those things I will discuss in this section.



(Refer Slide Time: 29:43)

Location and depth of foundation

(IS: 1904-1986)

= All foundations shall extend to a depth of ar least
50 cm below natural ground level.

» Foundation must Be placed below the zone of
volume change, where volume change is expected.

® In fine sands and sits, foundation must be placed
below the zone in which trouble may be expected
from frost.

® The depth of foundation for structures mn a river
(like bridge pier) must be sufficiently below the

fdeepest scour level

Before we go for the design part, we should know where we will place our foundation,
then with the depth, and the location of the foundation before we start the design process.
This IS: 1904 and 1986 - this IS code has given some recommendation, so that when you
design these things, you have to follow these recommendations, where we will place our
foundation; that means the location at depth of the foundation. First, one condition is all
foundations shall extend to a depth of at least 50 centimeter or 500 millimeter below
natural ground level; that means the minimum depth of the foundation is 500 millimeter.
So, we have to go for the minimum 500 millimeter depth below the ground level. That is

the first condition, where all foundation should go up to 500 millimeter.

Then, foundation (Refer Slide Time: 30:52) must be placed below the zone of volume
change, where volume change is expected. Now, if the type of soil is such that there is
the volume change can occur and we know the extent of this volume change, so that the
depth of foundation should be below that zone of the volume change. So, in case of fine
sand and silts, foundation must be placed below the zone in which trouble may be
expected from frost. So, if this soil is fine sand and silt, then foundation must be placed
below the zone, which trouble may be expected from the frost. You have to provide the
foundation below this zone. And the depth of foundation for structure in a river like this
bridge pier must be sufficiently below the deepest scour level. So, for the river structure,
first, we have to calculate the deepest scour level; and then, the foundation should be



placed below that deepest scour level or sufficiently below that deepest scour level in

case of river structure.

(Refer Slide Time: 32:07)

m In an expansive clay soil (like black cotton soils),
swelling and shrinkage of the soil mass will
occur due to rise or ln\\umg of ground water
table. It is necessary in these soils, either to place
the foundation at such a depth where the etfects
of seasonal Lh(m(_,t?\ are not 1mpmtdnt or to
make the foundation capable of eliminating the

undesirable effects due to relative movement by
pm\lqu flexible type of construction or nud
foundations.

Construction activities above water supply lines,
sewage pipes etc. may not be allowed.

(18: 1904-1986)

Now, next one - if it is expansive clay like the black cotton soil, where that the swelling
and shrinkage - these both will occur due to the rise, and lowering of the ground water
table; that means, this expansive soil then the shrinkage. So, soil may shrink or soil may
expand or swell. So, due to the rise and lowering of the ground water table, then in such
case and such soil, it is necessary that either you can place the foundation in such a
depth, where these seasonal changes are not important; that means these changes for the
expansive soil due to shrinkage and swelling. These are seasonal changes. When the
water table will rise, the soil will swell; if water table is due to the lowering of the water
table, the soil will shrink.

So, this is seasonal change. So, we have to place foundations such a depth that this
seasonal change are not an important factor in that case; or, we make the foundation
capable to eliminate such effects; that means either we place the foundation at a
particular depth, where this effects are not so significant; or, we can design our
foundation; or, we can make the foundation capable to eliminate such undesirable effect
due to the relative movement. By that we can provide the flexible type of construction or

we can provide a very rigid type of foundation. So, to eliminate these type of effects



either we can provide a flexible type of construction or we can provide a rigid

foundation.

Now, construction (Refer Slide Time: 33:59) activities above water supply lines, then
sewage pipes, etcetera, may not be allowed. So, we cannot construct the foundation
above the water supply line or any sewage pipes. So, these are not allowable. So, these
are the conditions. So, based on that, we can decide where we will place our foundation.
So, we can particularly identify the depth. So, here we locate if this type of situation is...
Any of these condition arises, then by this condition, we can decide where we will place

the foundation.

(Refer Slide Time: 34:47)

Foundation at different levels

(IS: 1904-1986)

These surfaces should

not mtersect |

900 mm

INUnum

30°

(for soil)

and

60°(for rock)

(for soil)
:I”(i

600 mm
minmaum

(fl,‘n' rock)

Now, if this is foundation at different levels; suppose if the foundation is mainly sloppy
ground, then also this IS code - IS: 1904 to 1986 - it recommends different conditions.
So, we have to also satisfy those conditions if this it is a sloppy ground. Suppose this is
the foundation; this is the sloppy ground, where we can place the foundation. One
condition is that from the edge of this foundation - this is the edge of the foundation to
the... If we draw one particular line, which intersects this edge of this slope, this distance
minimum distance - we have to provide 900 millimeter for soil. So, from this edge of the
foundation to this slope surface, this minimum distance that we have to provide is 900

millimeter for soil and 600 millimeter for rock. So, we have to place the foundation such



that this foundation edge is located at least 900 millimeter from this slope edge. So, this

is one condition if it is a sloppy ground.

Another condition (Refer Slide Time: 36:12) that if we draw one line, which is passing
through this bottom edge of the foundation; and, that line is passing making a 30 degree
angle with horizontal (( )) that means this line if we draw, this is 30 degree for the soil
and 60 degree for the rock - this angle. Then, the condition is these two lines, that means,
this line, which is making a 30 degree angle and passing through the lower edge of the
foundation and the slope line - these two surfaces should not intersect. So, if these
surfaces intersect, then we cannot provide foundation in such a condition. So, we have to
locate foundation somewhere else, so that this can satisfy this recommendation. So, we

have to satisfy this recommendation for soil and as well as for the rock.

(Refer Slide Time: 37:13)

Granular soil Clay soil

Now, the next one is that if this is the sloppy ground and foundation is at different level.
These are the two types of soil and two types of recommendation. This is the upper
foundation; this is the lower foundation. And for the granular soil, if we join one line;
suppose this is the position of the upper and the lower foundation and if we join the line
which is connecting the lower edge of the upper foundation to the lower edge of the
lower foundation; that means this line should not be steeper than 1 is to 2; that means this
line should not be steeper than one vertical to two horizontal (( )). So, this is the
condition for the granular soil.



Similarly, for the clay soil, if I join a line, which is (Refer Slide Time: 38:08) from the
lower edge of the upper foundation to the upper edge of the lower foundation, and then,
this lines for the clay soil - if I join, this lines should not be steeper than one vertical to
two horizontal. So, for the granular soil, the lower edge of the upper foundation to the
lower edge of the lower foundation; and, for the clay soil, lower edge of the upper
foundation to the upper edge of the lower foundation. So, both the cases, these two lines
should not be steeper than one vertical to two horizontal. So, we have to place foundation
such that it will follow this condition.

(Refer Slide Time: 39:10)

The requirements shall not apply under the

following conditions (s: 1904-1986)

m Where adequate provision 18 made for the lateral
support ( such as with retaining walls ) of the
material supporting the higher footing,

m When the factor of safety of the foundation soil

against shearing 1s not less than four.

This (Refer Slide Time: 39:02) above condition - when foundation at different level; that
cannot be applied when... Above requirement shall not be applied under the following
condition. It is now required to apply the above conditions - these two conditions (Refer
Slide Time: 39:22) for two different types of soil and this condition, where the adequate
provision is made for the lateral support such as with retaining walls of the material
supporting the higher footing. For the lateral support, if we provide in case of higher
footing such as retaining wall, then this is not required to satisfy the above mentioned
condition. Another condition is when factor of safety of the foundation soil against
shearing is not less than 4. If the factor of safety that we are taking for such condition is
greater than 4, then this not also required to satisfy the above requirements. So, these are
the two conditions.



(Refer Slide Time: 40:09)

Spacing between existing and new toundation

(152 1904-19%6)

mThe munumum  horzontal spacing between

existing and new footngs shall be equal to the
width of the wide

® An analysis of 1‘-!.".[ﬂﬂ}.-', cdpacity and settlement

has to be cartied oul. *

HFTEL

Next, this is the recommendation for the location and the depth of the IS
recommendation for the footing. Then this is the spacing between the existing and the
new foundation. So, IS code recommends that the minimum horizontal spacing between
the existing and the new footing shall be equal to the width of the wider one. Suppose
there is one footing that is existing condition and another new footing will be
constructed. That is the minimum horizontal spacing or required spacing will be the
width of the wider one. Suppose if B 1 is the width of the existing footing and B 2 is the
width of the new footing. Then, if B 1 is greater than B 2, then the minimum horizontal
spacing between these two footings: existing and the new footing will be B 1. If B 2 is

greater than B 1, then this minimum horizontal spacing will be B 2.

Now, again analysis for the bearing capacity and settlement (Refer Slide Time: 41:13)
has to be also carried out to consider the effect of this existing footing on this new
footing. So, that analysis also has to be considered to include the effect of this existing
footing. So, these are the recommendations for this spacing for existing and new

foundation.



(Refer Slide Time: 41:33)

Modes of soil failure

«<—— * General shear
failure

Sy <— ° lLocal shear
failure

«— * Punching
shear failure

Now, next one that will go for this different types of failure mechanism. Now, we know
where we have to place the foundation. Now, where... If there is a sloppy ground, then
we have to satisfy the different condition. Now, if there is a level difference between the
two foundation, then also we have to satisfy different condition. Now, based on that, we
will locate the position, where we can place the foundation. And, if the existing footing
is there, if we are constructing a new footing foundation, then what will be the minimum

spacing between these two foundations - this we can know by this IS recommendation.

Now, when we apply the load... Suppose we are constructing one foundation and then
we are applying the load. Ultimately, as we increase the load, that means, the soil will go
undergo a settlement. And then, after a certain (Refer Slide Time: 42:44) point, this soil
will fail. So, this soil failure is because due to the shear failure. So, because of the shear,
if the soil strain that develops shear stress is greater than the shear strength of the soil,
then this soil will fail. So, for this failure, different three modes are there depending upon
the different types of soil. These three modes are general shear failure; this is the local
shear failure; and, punching shear failure. So, these are the three different types of
failure. So, we will explain one by one. So, this is the first type of failure, that is, the
general shear failure. Second type of failure is local shear failure. And third - this type of

failure is punching shear failure.



First, we will go for the general shear failure. Now, from this (Refer Slide Time: 43:53)
general shear failure, we can say this is the typical load versus settlement plot for general
shear failure. Here we can see that as load increases, the settlement will also increase.
And then, after certain point as this settlement increases, but this load decrease; that
means this is basically the peak and from here after that soil has been failed. So, here for
the general shear failure, we can identify the failure point. So, this peak, this
corresponding load divided by unit area - this q u, is the ultimate load carrying capacity
of the soil for general shear type of failure. So, here we will get a particular peak.

(Refer Slide Time: 44:43)

General shear failure:

*Buttle-type stress-stramn behavior (like dense sand)

*Sudden failure in soil takes place and failure surface in the soil will
extend to the ground surface

*A hnlgﬂ!g :)lrgnnuul surface .u]];n'c'm to the foundation 1s observed

*The ultimate load can be easily located
LLocal shear failure:
*Observed in case of sand and clayey soil of medium compaction

=Slight bulging of the ground surt: djacent to the foundation

nificant compression of the soil directly beneath the foundation

%qi=ak value of stress 1s not realized

NPTEL

If we go for these characteristics of this general shear failure, this is basically observed -
a soil like dense soil; if the soil is very dense or very stiff, then this type of failure is
observed. So, for the dense sand, this is brittle type of stress strain behavior, where we
will get a distinct peak. So, from here (Refer Slide Time: 45:08) we can easily determine
what is the load from this type of failure. Here (Refer Slide Time: 45:19) the brittle type
of behavior - a sudden failure in soil takes place and failure surface in the soil will extend
to the ground surface. Here form this graph, we can see (Refer Slide Time: 45:30) there
is a sudden failure is occurred. And, this is the failure surface. So, we can see, there the
prominent failure surface can be observed up to the ground surface. So, failure surface is
extended up to the ground surface in case of general shear failure; and, the bulging of
ground surface adjacent to the foundation is observed. So, we can see this is the bulging

of the ground surface adjacent to the foundation both side, is observed. Another one -



there is the ultimate load, can be easily located. Here (Refer Slide Time: 46:08) from this

curve, this g u - ultimate load that can easily be located from the peak of the graph.

The next one is the (Refer Slide Time: 46:19) local shear failure. In the local shear
failure - the characteristics of this (Refer Slide Time: 46:25) local shear failure - this type
of failure is observed for the sand and clayey soil with medium compaction; that means
sands in medium dense or in the soft soil. It is moderate type of clay, where this type of
failure is observed. Now, here we can see the slide bulging of the ground surface
adjacent to the foundation. Here (Refer Slide Time: 46:48) the bulging is more in case of
general shear failure. But in the local shear failure, the slight bulging has been observed
adjacent to the foundation both the side. Another the significant compression of the soil
directly beneath the foundation is observed. So, there is a significant amount of the
settlement or compression has been observed beneath the foundation.

A peak value of stress is not realized or located. From this graph (Refer Slide Time:
47:23) like the general shear failure, here we are getting a particular peak value. So, it is
observed in this general shear failure. But in the local shear failure, we are not getting a
particular peak. So, any peak or the failure point is not recognized. But in this local shear
failure, first, what will happen that, when we apply the load, the settlement will increase.
So, when this load reaches this q u 1 or this point, there is a sudden jerk has been
observed; that means at this point, there is a sudden jerk; or, when there is a movement
or the sudden jerk is observed, this point is recognized or these values recognize the first
failure point, where the sudden jerk in the soil movement is observed. So, if the sudden
jerk in the soil movement is observed, this corresponding load is recognized at first
failure load. So, after that, here we can see if that the failure surface is moving towards
the outer ward to the foundation. And, to reach this failure surface to the ground, there

the sufficient movement in the soil is required. So, you can see these dotted lines.

As mentioned that, there is (Refer Slide Time: 49:04) a significant compression of
sufficient deformation or compression is observed directly beneath the foundation. So, to
reach this failure surface (Refer Slide Time: 49:13) to this ground surface, there is a
sufficient amount of movement in the soil is required. At that particular point, where this
condition is achieved, corresponding load divided by unit area is called the ultimate load

or the failure load. Here there is basically two points: one is q u 1, that is, the first failure



load; and then, the second point g u is the second or the ultimate failure load. So, this is

local shear failure.

(Refer Slide Time: 49:51)

Punching shear failure:

*Observed for fairly loose soil

*Poorly defined shear plane

*Soil zones beyond the loaded area being little affected

*The failure surface i soil will not extend to the ground surface
*Beyond the ultimate failure load, q, the load-settlement plot will be

steep and practically lineas

*Significant penetration of a wedge-shaped soil zone beneath the
L3

foundation

Next one is the third one, is the punching shear failure. Now, this is observed for fairly
very loose soil or very soft clay. So, this is loose sand or soft clay; then, poorly defined
shear plane. Here from these (Refer Slide Time: 50:09) two surfaces, we can say this is
the failure surface or shear plane is observed or is being occurred. Here this is the poorly
defined failure surface. There is no such that, surface is observed or identified. Now, this
is shear plane. Then soil zones beyond the loaded area being little affected. Here the soil
zone beyond this foundation area or loaded area is little affected. Now, the failure
surface in soil will not extend in the ground surface. Here in these cases, general shear
failure, the failure surface is extended up to the ground surface. But here failure surface

is not extended up to the ground surface.

Now, beyond the ultimate failure load, g u, the load settlement plot will be steep and
particularly linear. We can see (Refer Slide Time: 51:15) that beyond this failure surface,
here also that this is say suppose the failure surface g u. This point is the ultimate failure
load g. After that, this line is basically linear and this line is very steep. So, point after
which the line is linear and very steep, corresponding this point and the load is called the
ultimate failure load in case of this punching shear failure, because here (Refer Slide
Time: 51:51) also, significant penetration of wedge shaped soil zone beneath the



foundation. So, here also (Refer Slide Time: 51:57) significant settlement is observed.
And will not get any peak like the general shear failure here also. So, here after this
point, where this load settlement curve is very steep and linear, then this point is
corresponding load, is called the ultimate failure load. So, these are the three different

types of failure: general shear, local shear and the punching shear.

(Refer Slide Time: 52:26)

Based on the laboratory tests conducted
by Vesic (1963) on circular and rectangular
plate supported by sand with different
relative densities

Based on the laboratory test conducted by Vesic, 1963 on circular and rectangular plate
supported by sand with different relative densities; Vesic conducted laboratory test on
circular and rectangular plate supported by sand with various relative density. And, he
proposed zone of this different shear failure. This is the load conducted. This side axis is
g u by half gamma into B; where, gamma is the unit weight of the soil; B is the width of
the circular plate or rectangular plate. In case of circular plate, it is diameter; and in case
of rectangular plate, it is width. And then, this is g u 1 and g u. So, here we can see, this
sign indicates the first failure point, which is observed in case of local shear and
punching shear type of failure, which is not observed in case of general shear type of
failure; and, the bigger one is the ultimate failure load.

Here we can see (Refer Slide Time: 53:44) that, if the relative density is greater than 70
percent, then the general shear failure is observed. This is conducted on particular sand.
So, general shear type of this is observed. If there relative density is in between say 35 to
70 percent, then the local shear failure is observed. If it is less than 35 percent, then the



punching shear failure is observed. So, this is the graph. From these tests, we can draw
the... This another chart is presented. This is (Refer Slide Time: 54:19) D f. D f is the
depth of the foundation. And B star; where B star is 2BL divided by B plus L; where, if it
is the square footing or circular, then B will be equal to L; then B star will be equal to B.
So, in that case, we can see that this is the zone of the punching shear failure; this is the

local shear failure; this is the general shear failure.

Now say suppose if this (Refer Slide Time: 54:42) D by B star is say 2 and relative
density is 60 percent; then that, if we place foundation depth such that thisis B D f by B
star is 2 and the relative density is 60 percent, then this will be the local shear failure.
Now, corresponding if the relative density is 20 and D f by B star is 2, then this is the
punching shear failure. Similarly, based on this result, we can draw. This one plot is
presented. This is for relative density; this is (()) unit weight; and, this is the settlement
versus by B. B is the width of the foundation. And this is the settlement of the foundation
at failure. So, here we can say, if it is a general shear failure, then the settlement is
observed around 4 to 10 percent. If this is (( )) then the settlement is observed say in

between 4 to 10 percent if it is within this zone.

For relatively small depth (Refer Slide Time: 55:47) and in case of general shear, to get
the failure point, the smaller settlement is observed; that is, 4 to 10 percent of the width
of the foundation. Whereas, in case of local shear and punching shear failure, this
settlement is 15 to 25 percent of the width of the foundation. So, we can conclude, if the
local shear or punching shear, the more settlement is occurred to reach the failure point;
whereas, in general shear type of failure, less settlement is occurred to reach the failure
point. So now, in this lecture we have discussed the different components of this failure
and the different locations, where we will place the foundation.

In the next lecture, 1 will describe about the different bearing capacity expression or
equation; and how to calculate load bearing capacity of the foundation; basically, in case

of shallow foundation, how to calculate the load bearing capacity.

Thank you.



