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Lecture — 26
Shallow Foundation — Design VI

So, this class I will discuss about the design of footing under inclined and eccentric
loading condition. So, I have considered both inclined loading as well as eccentric
loading. So, last class discussing that we have to keep the loading in within the one-third
middle one-third portion of the footing so, that there should not be any tension developed

in the base of the foundation.

(Refer Slide Time: 00:53)

] Ex.: A rectangular footing of size 3m X ém is founded at a depth of Imin a c-g soil. The water table is at

a great depth. The unit wt of soil 18 kN/m?. 4000 kN load on the footing acts at an angle 15° to the
vertical and is eccentric in the direction of width by 15cm. ¢= 50 kPa and ¢ = 20° . Determine the factor
of safely against bearing and sliding. ~————— A= 5"

Meyerhof's Theory: l\. ' Loookw
Q=G =1, = eNsdi+ DN q.\'{[dqiq +0.5BN s,d.i, - 1D ;
|

From table N, = 14.8, N, = 6.4, N, = 2.9 for ¢ = 20°
e,=0.15m ; effective width B'=B-2e,= 2.7
Pﬁ 15 Gom

g, :l+0.2lanz[45" + QJ(EJ =1+02 lan{éiﬂﬁ][ﬁ]: 118
2NL 2N 6
b=3m

5,=5 :1+0_uan3(45 +QJ[E]:1+0_1mn2[45+@](£]:1_09 &= b-20x
o I\ L 206 UL
N=gh

{'© NPTEL ONLINE

"TKHARAGPUR\ ' CERTIICATIONCOURSES~ * ® B # 9 5 # #0°
3 0 YW

So, I have selected this problem that a rectangular footing of size 3 meter cross 6 meter is
resting on a c phi soil, with a depth of foundation is 1 meter. The water table is at great
depth; that means, we have not considering the water table affect. The unit weight of the
soil is 18 kilo Newton per meter cube and 4000 kilo Newton load is acting on the footing
with an angle 15 degree with vertical and eccentric in the direction of the width by 15
centimeter. So, that means, if we draw the section so; that means, if this is the footing so,
it is vertical. So, it is acting this load P is equal to 4000 kilo Newton and which is acting

at angle alpha is equal to 15 degree.



And so, and if we draw the plan of the footing so, this is the central line of the footing
and it is eccentric with ah. So, it is in centre so; that means, the load will be eccentric.
So, that is why I have to just correct this one so; that means, it is alpha value is this one.
So, and so, that is mean it is this is the amount of eccentricity. So, and this it eccentricity

e X is equal to 15 centimeter ok.

So, and the vertical lengthwise direction there is no eccentricity. So, eccentricity is only
in the widthwise so, it is widthwise direction is 15 centimeter. And so, that mean the total
width is B is equal to 3 meter. So, if I do that B by 6 so, that is greater than 15 centimeter
so, it is within that curve portion. So, there will be no tension developed in the
foundation. So, another one is that we can write that B dash is equal to B by 2 e x and L
dash will be equal to L, as there is no eccentricity in the lengthwise direction. So, if there
is the eccentricity in the lengthwise direction then we have to take the effective length
also so; that means, the effective area will be B dash into L; in this case if there is a two

way eccentricity then it will B dash into L dash.

So, so, now, I am using the available theories. So, I have discussed about total 6 theories
first that Terzaghi theory, then the Skempton, then Meyerhof, then Hansen basic and IS
code. So, among these 6 theories so, I am because the Skempton theory is only
applicable for phi equal to 0 condition, but here it is phi is there so, we cannot use that
theory here. And as well as Skempton theory the eccentric that inclined loading condition
is not incorporated so, we are not using that theory. In the Terzaghi also that inclined
loading theory is not incorporated so, inclined loading effect is not incorporated in last

theory. So, that is why we are not using Terzaghi also here.

So, remaining 4 theories we are using here and let us see how we can use the different
theories under these eccentric and the inclined loading condition. So, first theory is that
we have considered the Meyerhof theory, where we are using the net ultimate. So, this is
the expression of the Meyerhof theory. So, s ¢ d ¢ i ¢  mean s d i are the shear factor, de
factor and inclination factor. So, here if the i is I mean inclined alpha is not I mean
loading is not inclined alpha is equal to 0; that means, perfectly vertical then thisici1q1i
gamma you have to know we will not consider; because these are one because that effect

is not there. But so, here first we have to determine the N ¢ N q n gamma.
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0 5.14 1.0 0.0
5 6.5 1.6 0.07
10 8.3 2.5 0.37
15 11 39 132
20 148 6.4 29
25 20.7 10.7 68
30 30.1 18.4 16.7
32 35.5 232 220
34 422 294 311
36 50.6 378 44.5
38 81.4 489 64.0
Ranjan and Rao, 1991 Meyerhof's Bearing Capacity Factor
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So, that is why from the table so, it is 20 degree [FL]. So, N c is 14.8 N q is 6.4 and N
gamma is 2.9 so, that is why 14.8, 6.4 and 2.9. As I mentioned earlier also that if the phi
value that is given in the table is within that range; suppose the phi value is given 20 and
for 25 or for 30 and your phi value is 22 degree then you have to linearly interpolate that
value between the given values. And so, now the e x value is given 15 centimeter that is
0.15 so, effective width will be 2.7 meter. So, affect will be 2.7 meter and L will be as

well as this is the because, there is no eccentricity so, L will be meter 6 ok.
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And another thing that here the eccentricity directly is mentioned, but sometimes the
moment and the vertical load is mentioned. So, in that case if the moment is in the
lengthwise direction or the widthwise direction depending upon which direction the
moment is so, suppose if the moment is now widthwise direction then we have to
calculate the eccentricity e x by M into divided by P ok. So, this P is that vertical load
that is acting. So, this way also eccentricity can be given, but here eccentricity is directly

given.
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So, that is why we will have B dash and L and when if I look at this so, these are the
table for Meyerhof bearing capacity factor. This is the table and this is for the 40 40 45
and 50 degree this is a table, the same table.
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Shape, depth factor for the Meyerhof's bearing capacity equation:
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And then these are the shape and the depth factor for Meyerhof’s bearing capacity
equation. So, here the shape factor s ¢ we are using so, 1 plus 0.2 K p B by L and this is
what any phi. So, as you are using it is for eccentric loading and so; that means, instead
of B we will use here B dash and as L dash is equal to L so, we will keep L. If there is the
L dash also so, then you have to use B dash and L dash both. So, similarly K p value will

get from these expression, this is tan square 45 plus phi by 2.

And similarly for phi greater than 10, this is the s q and s gamma factor and similarly
depth factor also we are using d ¢ and d q and d gamma ok. So, this is 10 greater than 10
degree. So, we are using these expression these expression these two and here also this
will be B dash, this will be B dash ok. So, similarly when now if I go back to the s ¢ so, s
c these expression so, this will be B dash L. So, if I put this value I will get 1.18

similarly, s q s gamma will give you 1.09.
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Now, d ¢ it will give you this is D f by B dash. So, it is 1. by 2 2.7 because B dash is 2.7.

So, it is 1.1 and these value is 1.05.
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inclination factor for the Meyerhof's bearing capacity equation:
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Bowles, 1997
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And we have from this table, where this is the i ¢ i q 1 gamma expression for any phiic i
q and this is was phi equal to 0 degree and this is phi equal phi greater than 0 degree, this
is phi equal to 0 degree. But I will use this one as the phi value is greater than 0 degree.
So, this is the alpha which is 15 so, alpha value is 15 degree. So, if I use this co factors

then I can get, this is the i ¢ 1 q 0.69 and i gamma is 0.6.



So, ultimately if I put this value in this expression so, I will get the value of ultimate load
carrying capacity is 740.55 kilo Newton per meter square. Now, if | want to calculate the
total load then Q will be A dash into q net ultimate ok. Now, if I want to apply the
calculate the safe load, then this will be A dash q net ultimate divided by factor of safety
which is 2.523. So, this is the Meyerhof approach by which we are getting these value.

Now, what I will do? I will do go for the next approach which is the Hansen’s theory.

(Refer Slide Time: 11:18)
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The basic theory is same only the corrections only the bearing these factors and the
bearing capacity factors and these shape factor, depth factor, inclination factor they are

different.
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Hansen's bearing capacity factors

Ranjan and Rao,1991
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So, here the again that we have a table for Hansen bearing capacity factor because, N q
because other values N ¢ and N gamma and we have to use the Meyerhof N ¢ and N
gamma in case of Hansen. So, that is how only N q table is given, N ¢ N gamma we have
to take it from the Meyerhof’s table. And so, that is why N ¢ N q are same only N
gamma is 2.9, as for 20 degree it is 2.9. So, that value is taken here and again e max is

0.15 so, effective width is 2.7 meter.
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I Shape and depth factor for the Hansen's bearing capacity equation:
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And then if we go for this factor so, this is a factor. So, if you see this factor s ¢ is equal
to phi not equal to 0, this is the s ¢ factor which is function of N q by N ¢ B by L. So,
here also instead of B we have to use B dash and L dash because, L dash is e r equal to L
so, you will use the B dash by L. If that is a both way, then you have to go for B dash and
L dash. So, now similarly here also B dash L dash, but these expression we will not use

because this is for phi equal to 0.

So, I will use these expression and for the s q and s gamma I will use these expression,
where this will be the phi dash B dash, this will be the B dash. And remember that these
factor cannot this is greater than 0.6. So, its cannot be less than 0.6 remember that, if it is
coming less than 0.6 then you have to take 0.6 ok. And but, when we are determining the
d ¢ and d q and d gamma so, as per the Hansen’s suggestion we will use B, remember
that we will not use B dash ok. So, because idea is that because these effective area so,
that will mainly effect the shape factor. So, that is why for the depth factor it is not used.
So, this is the difference between Meyerhof because, Meyerhof we are using all B dash L

dash whether it is shape factor or depth factor.

But here in the shape factor we are using B dash L dash, but depth factor we are using B.
So, this is the d ¢ so, as D f by B less than 1 in this case. So, we will use these expression
and then we will use this expression and d gamma is always 1 for phi for all phi. So,
now, if I go for this one and then I will get this is the B dash. So, s ¢ value, this is also the
B dash s ¢ and s q and s gamma value if I put in this expression so, it is greater than 0.6.

So, we have to use 0.82 ok.
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So, similarly d ¢ we have use the B, we have not use the B dash. So, and then d q also we

have used B and then d gamma is always 1.
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Now, in case of Hansen’s approach the inclination factors when I am calculating which is
there we have to use the horizontal and vertical component of the load, because load is
inclined. So, here H is the horizontal component and V is the vertical component and
there is a term ¢ a which is adhesion. So, as I mention that ¢ a adhesion is always alpha

into ¢ ok. So, thi[s]- here c value is given 50 kilo Newton per meter square and alpha



value we have to chose from these range 0.6 to 1. So, I have taken alpha value is 0.7
from this range ok, but in the in the assignment problems so, this alpha value may be

given. So, we have to use that alpha value so; that means, this is the vertical component.

And remember that and this is the horizontal component, another one that here we have
to use the effective area. Again, here also that effective area we have to use that is A dash
ok. So that means, here inclination factor we are using the effective dimension, depth
factor we are using the effective, we are shape factor we are using the effective
dimension. But depth factor we are not using the effective dimension; we are using the

original dimension in case of Hansen approach.

But in Meyer approach all the 3 factors: shape factor, depth factor and inclination factor,
though in the inclination factor there were no dimension B or L; that means, in shape and
depth both factor we are using the effective dimension. So, this is the difference that is
why I am solving with different approach. So, now, here if I use so, this is not equal to

phi so, I will use these s ¢ and so, I will use this one and this is one.

This three because it is for this is these two are for any phi and this is for phi equal to 0
and this is for phi equal to 0 and this one phi not equal to 0. So, now if I use these
expression so, here the as I mention that the vertical component will be P cos alpha so;
that means, 4000 into cos 15 degree. So, this value is 3864 kilo Newton vertical load and

horizontal load is P sin alpha. So, that is equal to that value is equal to 1035 kilo Newton.

So, now if I put here it will be the effective area, effective area means 2.7 into 6. So, if |
put this value this will be 0.61 then i ¢ is 0.54 and 1 gamma is 0.49 and then if I put this

value here in this general expression so, ultimately this is coming out to be 639.51 ok.
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So, now I will go for the next approach or next theory that is our Vesic’s theory. Again,

the basic equation is a same so, and we have to use different bearing capacity factor.
(Refer Slide Time: 18:45)
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So, again here N gamma value is given because the other N ¢ and N q will be same as the
Meyerhof bearing capacity factor. So, we are using the same Meyerhof bearing capacity
factor for N ¢ and N q. But N gamma Vesic has suggested a new factor and that is the
table that is for the bearing capacity factor N q only, because 1 N ¢ 1 N gamma you have

to take for the Meyerhof table.
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And then for the shape factor and depth factor which is similar to the Hansen, but there is
a some difference. What is that difference? Because, again this is a similar to the
Meyerhof to the Hansen, but this one is I think this is different, because in case of
Hansen it was sin phi what I. So, in case of Hansen it was yeah, it was sin phi, but here it
is tan phi. So, that the only difference in this chart otherwise all are same. So, yeah

otherwise all are same ok.

So, only it is given a k, but that is also D f by B. So, this is the shape factor for Vesic’s
bearing capacity equation. But the difference is that, in case of Hansen’s we use effective
dimension for shape factor, but we did not use the effective dimension for the depth
factor. But here shape factor and both depth factor we will not use the effective
dimension. The recommendation is there we have to use both cases the actual dimension;

that means, B and L ok.

So, that is the major difference between this when it is inclined loading, because inclined
loading case only these effective area concept will come; otherwise that means, we have
to use the B 1 L. But in the Hansen, we have in shape factor we have to use the effective
dimension and um, but in case of basic in shape factor also we will use that the actual

dimension which is B and L.



(Refer Slide Time: 21:28)

] Inclination Factors Value

factor for the fl=5
ic' i=i—-—1
Vesu‘: s T H
bearing g L
capaci
P .fy' ,-Zl_ﬂ Forg=0°
equation: e — '
. 0 A LJJN(
Inclination
| H
i=[1-
o V@R, cotg l"'?"l
ml
i= 17L @ ;
' V+de cotg
24811 2+L/B —
i = m, = ol When H parallel to B, m=m, = m When H parallel to L, If you have both Hyand H use m = /i +m;
Bowles, 1997 Note: Use B and L not B’ and

© /. NPTEL ONLINE

|IT KHARAGPUR CERTIFICATION COURSES. .~ ™ P B o 94 57 @ v i 0D
7 0 W

So, now and for the inclination factor which is also similar, but here in case of Hansen it
was phi to the power phi, but here it is to the power m. So, how I will calculate this m?
So, m we can calculate by using these expression when H is parallel to B. So, in our case
this case H is parallel to B. So, we will these expression, but if your eccentricity is in

lengthwise direction in that case H will be parallel to your L.

So, if because here if this is the width so, if this your width is if this is the width so, your
load acting in this way so, it is parallel. This H horizontal component, this is the vertical
component so, horizontal component parallel to the width axis. Now, if your horizontal
component is parallel to the length axis, this is V H in that case because this is L in that
H axis then you have to use this expression. But remember that when I will calculate m
or we will we have to use the actual dimension of the footing; that means, B and L. But

we have to use effective area when we will calculate the inclination.

So, that is why I am explaining this portion in detail because there are where you have to
use which dimension so, that is important. So, in basic all the factors you use that
actually dimension B and L, even for m calculation. But when you use this area for the
inclination so, then that case you have to use the effective area that is the
recommendation. So, and that is why if I use this value so, similar way I am using that is
why B by L for s ¢ s q and s gamma. And because it is also greater than 0.6 so, we will

take 0.8 and d ¢ also I am using the B and d q also and when I am calculating m it is in



width direction. So, and using this actual dimension B by L, but here I am using the
effective area 2.7 cross 6. So ultimately, I will get these coefficient and m value is

coming out to be 1.67.

So, if I put this expression so, I will get 0.57 and if I put remember that if in the original
expression that will be B dash ok, that is true for all the cases. When I use the B dash so,
that is true for all the cases. But when I calculate the bearing, calculate the factor
correction factors, in those cases we have to use different dimension in different cases.
And ultimately this value is coming out to be 800 kilo Newton per meter square. So, next
approach I am considering that this is basic bearing capacity factors and the correction

factors.
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And next approach that is IS code method; the IS code method, here in IS code method
we have to use as per IS code method. So, here also I have use the actual dimension by
actual application, but IS code method suggest that in here also because, this is N q N
dash this one; this is actually this term is N q minus 1. So, this is not there as per the IS

code, but this is general expression.

So, in the IS code you use this one, but then your value will be slightly changed because,
if I use because this is the actual recommendation for N q minus 1 as per IS code. But
other case you have to as I mention you have to follow these general expression, but as

for IS code is recommended in N q minus 1 so, you will you that N q minus 1.



So, above this IS code the N ¢ N q N gamma is the basics N q¢ N ¢ N gamma. So that
means, [ will take the N ¢ N q for the Meyerhof table and the N gamma from the Vesic’s
table and then we will use the effective. So, this is the all the cases are to use the

effective dimension is used for shape factor and for depth factor and inclination factor.

(Refer Slide Time: 26:32)

D—L

=1+02tan(45 += =1+02tan| 45+ = =1.
dr 1+0.2tan(45 4 1+0.2tan| 45 2 1.10
2 2027

=
B
. D
d =d, =1+0.1tan| 45 +é L =1+0.1tan 4S+2— L =1.05
T 2\ B AN

2 2
i :iq:(1-1] =0.69 i :{1-3} ~0.06
9

G =G~y =N s.di +1D,N s, d i +058N,5,di, -,

ce vy

q,, =30x14.8x1.09x1.10x0.69+18x1x6.4x1.09x1.05x0.69+0.5x18x2.7x5.4x0.82x1.05x0.06 - 18x1 4692;’(/;\[{":1

&M-I)
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Shape Factor: (IS Code Method)
[nu.z b ] Rectangular footing
S L
13 Square and Circular
(I+0.2 E J Rectanguler footing
sq L
12 Square and Circular
b {l—o.&} Rectangular footing
5 08 Square
0.6 Circular
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So, this is the table so, all the cases we have to use the effective dimension. This will be

the B dash, this will be L dash, B dash, L dash, B dash, L dash ok.
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Depth Factor: (IS Code Method)

D Foran
d 1+0.2 flan[45‘+¢] IR
& B 2
p>10°
d lrulﬁmn(ﬁ‘ @J
q 7 5
i 0 <10
d 14 U.l&lan{% »Q] 9> 10
Y B 2
! p<10°
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And here also it will be B dash, B dash, B dash depending upon which one you will be

consider, it is mentioned here.
(Refer Slide Time: 27:01)

Inclination Factor:
IS code method (6403-1981)
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And this is the alpha is 15 degree. So, depending upon the your condition you will chose
the appropriate factor. And so, now, if I put these values so, remember that this will
slightly change in this case so, here this will not be here. So, in that case in place of that
will be the this is 6.4 so, it will be this one will be 6.4 minus 1. So, this value will

slightly change ok. So, just correct this thing its value will be slightly change. So, so,



because that is the way it is been represented. So, and then after I putting all these values
so, I will get close to these value. So, now, if I take all the values in one table so, this is

IS code factors ok.

(Refer Slide Time: 28:02)
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Meyerhof 74055 Seltluneds
Hansen 639.51 o= l’}
Vesic 800.00 B=8
Is code 692.00 ’
G+ Viond
Factor safety against bearing = A'g, /V ; /
=(2.7x 6x 639.51)/3864=2.68 > 2.5 )
o207

Factor safety against sliding = (V tand + A'c)/H
= (3864 tan (0.8x 20°}+2.7 x 6 x 0.7 x 50) /1035=1.62 >1.5
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So, now if I take all the table so, Meyerhof is given 740.55 and Hansen is given 639.51,
Vesic is given 800 kilo Newton per meter square, IS code is given 692 kilo Newton per
meter square. So, now, if I use the actual IS code recommendation these value will
slightly reduce these value will slightly reduce so, or it may increase. So, what is the so,
that is the slight variation, but it will be around this one. So, from here I can see that
Hansen expression is given the lowest values ok. But that also depend on the ¢ phi value
that you are choosing, it is not that always the Hansen expression will give you the

lowest value. So, that also depend the c phi that you are choosing.

So, and then ah, but this is the summary of this problem. So, I have used all these
expression and then after all the we have to calculate the factor of safety against bearing.
So, the factor of safety only vertical component against vertical component we will
check. So, the actual load will be the A dash q net ultimate divided by the V that is the

vertical load is coming.

So, if I use that this effective area so, and this factor of safety is coming 2.68 which is
greater than 2.5. So, ok, but there is a another term the sliding, sliding means there is a

horizontal component. So, this horizontal component which slide the foundation in



lateral direction ok. So, that also we have to prevent. So, how we will check that? So,
simple that we have to use that our c a into the effective area over which it is acting plus

the normal force into the tan delta.

Tan delta is the friction between any other material to the soil, here material is the
foundation may be the concrete ok. So, that is why V value is taken here, delta value is
taken 0.8 times of phi in this case, but so, in the in the problem it will be mentioned. So,
here it is taken 0.8 phi and alpha is taken as usual 0.7. So, now, if I put this value 0.7 into
50 divided by the horizontal components because these horizontal components only

giving the sliding. So, it is 1.6 62 and the sliding factor of safety is 1.5 so, it is safe.

So, this way we have to do the design and remember that I have explained what are the
difference when we calculate the factor different factors, for different approach and
different approaches. And then whether I mean in which factor you will use effective and
which one you will use the actual dimension that I have discussed, because it is different
for different approaches ok. So, and the final one that when I will now, it is the bearing
check is done I have to do the settlement check. So, in the settlement check you have to
calculate that your q a not net pressure that is that the pressure that will be the vertical
component and the effective area, that will be your net pressure which is acting the

vertical component of the q n.

And when you calculate the settlement so, then in that case so, in your settlement
calculation you consider B equal to B dash. And your net stress that is acting on the base,
will be the vertical component of your load divided by net area. So, that will be the net
stress acting at the base and you consider that and instead of B you consider B dash, then
rest of the calculations are same as I discussed for other problems. For settlement

calculation whether it is in sand or it is in clay ok.
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Ex.: A rectangular foofing of size 3m X ém is founded at a depth of Tm in a homogeneous c-¢ soil. The
water table is ot a great depth. The unit wt of soil 18 kN/m?* . Determine net ultimate bearing capacity.
c=50kPa and ¢ =120°.

Using Terzaghi's theory

B 1 B
i =4,=1D =N (1403 4D, (N, =1+ BN, (102

from fable N, = 17.7, N, =74, N, = 5 for g = 20°
B=3mandL=6ém

qm:50x17.7><(1+0.3x%)+18x1x(7.471)+%xlsmsx(wozxg):1254.45kN/m3

* /. NPTEL ONLINE
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So, now, just one thing; so, in the lecture 13 I have solve the same problem with a value
of 1 equal to 40 degree and c was 0. Now, | have taken a sets of different values of ¢ and
phi and let us see what is the difference of different theories. I am now, here I have taken
your c is equal to 50 kPa phi equal to 20 degree. And previous lecture 13 I solve the
similar problem with phi equal to 40 degree and ¢ equal to 0 ok. And in the next problem
I will solve with phi equal to 0 and ¢ with some value. And then we will compare a
tab[le]- make a table and we compare what is the difference between the all the theories

ok.

So, the bearing capacity expressions is same for this is, but this case I can use the
Terzaghi and if it is pure clay then I can use the Skempton also. So, you can use the
Terzaghi, the expression is same and discuss the how I got this correction factors and this

is the N ¢ N q N gamma and this is the correction factors for the rectangular footing.
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15 12.9 4.4 25
20 17.7 7.4 S
25 25.1 12.7 5/
30 37.2 22.5 19.7
35 578 414 424
40 95.7 81.3 3 100.4
45 172.3 1733 297.5

. 50 347.5 415.1 1153.2
Ranjan and Rao, 1991
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Ex.: A rectangular footing of size 3m X ém is founded at a depth of 1m in @ homogeneous c-¢ soil. The
water table is at a great depth. The unit wt of soil 18 kN/m® . Determine net ultimate bearing capacity.
c=50kPa and ¢ =120°.

Using Terzaghi's theory

4 =4, - 1D, =N (1+ 0,3?)+ w,(N, -1)% /BN (1~ u,zg)

From table N = 17.7, N, = 7.4, N, = 5 for ¢ = 20°
B=3mandl=ém

q, :50x17.7x(1+0.3x%)+18><1x(7.4—1)+%x18><3x5x(1—0.2x%):1254.45kN/m3
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Similarly, this is the Terzaghi bearing capacity factor table where, I am getting that value

that degree 20 degree is 17.7 and 7.4 and 5. So, that is the value I am taking.
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Using Meyerhof's theory

Qu=qu -1, =cNsd +yDN s d +05BN s.d -1D;

2 B
s =1+0.2tn’ 45~+f E =120 s, =s,=1+0.Itan" 45°+é —1=110
¢ 20L ¢ AL
. §YD . YD
d :l+0.2tan(4§ +é][—f]:1.09 Jy=0,=1+0 “2'“[45 +—I—IJ=‘ 05
‘ 20 B 20 B

From fable N, = 14.8, N, = 6.4, N, = 2.9 for ¢ = 20°

q,, =50x14.8x1.20x1,09+18x1x6.4x1.10x1.05 +0.5x18x3x2.9x1.1x1.05-18x1=1173.35kN / m*
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And so, then for the Meyerhof theory the same theory I am using here and for this [ am I
have explained how I have using this factors from the table and then I am getting this

value.
(Refer Slide Time: 34:23)

Using Hansen's theory

Qo =4 =1, = cNsd + }'Dqusqdq + O.SyBNysydr -1,

From fable N, = 14.8, N, = 6.4, N, = 2.9 for ¢ = 20°

N B -[1-042|-
§ :1+Vq(?}:1'21 S¢:1+5111(¢)(I}:1.17 .T,—{l 0.4L]—0.8

¢

o D d =1
a’,=l+0‘4%=l‘13 dq:1+2(Ian¢)(l—sm¢)2[?f]:1.10 r

q,, =50x14.8x1 21x 113 +18x1x6.4x1.17x1.10+0.5x18x3%2.9x0.8x 1~ 18x1=1204.7kN / m*

i
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Similarly, for Hansen theory I am getting 1204.7.
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Using Vesic’s theory

qrm = qm‘r _}/Df = CNcscdc +}/Dqu‘Sqdq +0'S;,BN)’S7dJ’ - ny

From fable N, = 14.8, N, = 6.4, N, = 5.4 for ¢ = 20°

Ve

N B LA

s :HN_"(%J:]'N -‘fl“ﬂ“(!")(z}ﬂ-ls Iy ==0tm) =08
D D

d =1+0.47’=1.13 d = l+2(lﬂn¢)(l—sin¢)1[7’]: 110 d =1

G =50x14.8x1.21x1.13+18x1x 6.4x1.18x1.10+0.5x18x3x 5.4 0.8x1-18x1=1259 96kN [ m’
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And then I am using the Vesic’s theory, where this is not the inclined or eccentric load
this is the same problem with vertical loading. So, that is why all dimension are the
actual dimension B and L and then and there is no eccentricity, no inclination. So, that

inclination factors are also not calculated because, intonation is not there.
(Refer Slide Time: 34:54)

Using IS Code Method
|
G =Y ‘?’Df =cN s, d, + J’Df(Nq - ])“'qdq i ErﬁN.v‘yrdr

e B_ B
.\{_A\,I_HUZ(L)_I,IO gf=(1,()_4z)=0_x
D 4
A =g = -t A
a‘,:l+0.2tar{45+ﬂ]{—f]:1.09 4=4, HU'{B]M[“HJ 0
' 2) B
N, =148 Ny=64,N, = 5.4 for ¢ = 20° Same s Vesic

q,, =50x14.8x1.10x1.09+18x1x (6.4-1)x1.10x1.05+0.5x18%3x35.4x0.8x1.05=1121.99kN /m’
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And then this is the other values and this is the IS code, where this is here the actual

condition is taken.
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Ex.: A rectangular fooling of size 3m X ém is founded at a depth of Imin a cohesive soil. The water
fable is at a great depth. The unit wt of soil 18 kN/m? . Determine net ultimate bearing capacity. S 100
kPa  ¢-0' —_

Using Terzaghi's theory

B 1 B
G =4,~1D; :cN{l+0.37)+ (N, -1)+5yiw{l_o_27]

From table N, = 5.7, Ne=T1,N,=0 forp=0°

G =G _ny = CNU{l-'— 03%): 6555k.N/m2
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And then this is the IS code and that same problem I am solving with ¢ is equal to 100
kPa and phi is equal to 0 ok. So, phi is equal to 0 degree and c u is equal to; that means,
this will be the ¢ u is 100 kPa. So, now, I can use the all 6 theories because it is only for

the clay. So, I can use it for the Skempton also ok.
(Refer Slide Time: 35:36)

Using Meyerhof's theory

G =G — ;/D[ =cNsd + ;/Dqusqdq + O.SyBNysl.,dy - ;/Df

From table N, = 5.14, Ng=1, NV=Of'orq>=0D

5, =1+0.2tan’ 45°+é L =110 5 =S,=l+0.llanz(45°+é £ =1.05
2NL ' 2NL

q

)
d= 1+0.21an(45”+fJ[&] =107 d,=d; =1+0-“ﬂ“(45 JI;] =103
g 2] B 2\ B

Y
q,, =100x5.14x1.10x1.07+18x1x1x1.05x1.03-18x1 = 606.44kN [ m*

i
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So, now, if this is the Terzaghi’s theory then this is the Meyerhof theory I am using and
with this all factors; again, the load is perfectly vertical and acting and the centre that no

inclination, no eccentricity. So, and this is the value.
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Using Hansen's theory

qnu = qﬁh 774)1’ = CNcscdc‘ +7d)quSqdq +0'5}/BN7SYd7 7}/Df

From table N, = 5.14, N, =1, N, =0 forg = 0°

b 4, =1+ 2(ang)l-singy| L | -1
d =104ty 47 (tang)(l-sing)| —|=

q,, =100x5.14x1.09%1.13 +18x1xIx1x1-18x1 =633.09KN /m?
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And similarly, for Hansen’s theory I am getting this value ok.
(Refer Slide Time: 36:54)

Using Vesic’s theory

G =~ }/Dj =cNsd + }/D[N sd +0.S;/BNTsydy - ny

9499

From table N, = 5.14, N, =1, N, =0 for ¢ =0°

B
s,:l+£ LA sf“lﬂn(ﬁ)[—}l
CON L L

4=1+0.4%=1‘13 a’q:1+2(tﬂn¢)(lfsin¢){%]=l

q,, =100x5.14x1.09x1.13+18x1x1x1x1-18x1=633.09kN / m*
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And for using the Vesic’s theory, I am using 633.09 kilo Newton per meter square.
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Using IS code
1
G =G, =10, = cNsd. + W, (N, - ]).s'qdq + Ey])’N’V.\'Fd’V

s‘:sq:1+0.2[§—}):l.10

¢\ D d=d =1+0.] 2 tanf 4542 |=1.03
dc:1+0,2mn(45“+5]{7f]:1,06 (s 1B B

q,, =100x5.14x1.09x 113 +18x L (1= 1)x1.1x 103 - 18 1 = 633.09kN / nr”
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If T use the IS code method, then I am getting 633.09 kilo Newton per meter square.
(Refer Slide Time: 36:07)

Using Skempton'’s theory
G =4~ 1D, =N,

D, B
N, =50{1+02=L ] 1+02= |=5.86
B L

4, =N, =100x5.86 = 586.67kN / m’
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Now, as I mentioned I can use the Skempton theory also, this is for the rectangular
footing. So, this is the Skempton theory if I put this value D f by B and this is the net

ultimate ¢ N ¢ or ¢ u N ¢ and this is the value that is coming out.
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—

9=40° ¢c=0
$=0, c=100 kPa $=20° c= 50 kPa From Lectur

e e

Terzaghi 655.50 125445 3885.12
Meyerhof 606.44 1173.35 4830.11
—

Hansen 633.09 1204.70 3328.82
Vesic 633.09 1259.96 4085.77

Is code 633.09 1121.99 3699.87

Skempton @\
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And so, now I have taken all the combinations. This is for phi equal to 0 ¢ u equal to 100
kPa, this is phi equal to 20 degree c equal to 50. This is from the lecture 15, this is lecture
15 ok. So, this is lecture 15 I am taking the phi equal to 40 degree and c equal to 0
degree. So, these are the all values. So, from here you can see for only cohesive soil this
Skempton is giving the lowest one. These all the three values are same ok, for all these 3

methods.

And Meyerhof is given slightly lower values from these 5 and this is the lowest. And
from this one is all the theories are given more or less the same values and here
Meyerhof is given slightly higher values. And Terzaghi’s bearing capacity theory is

giving values within the I mean in it is in the almost the average value is given.

So, but it is not the all the cases so, that that is why the my intention to do all this
problem in different ¢ r parameters is that depending upon your ¢ phi, strain parameter
your I mean different theory it does not mean that one theory always will give you the
higher value, one theory always give you lower value. It is not like that, it may change
depending upon the strain parameter values that we are considering. So now as I
mentioned for cohesive soil that Hansen theories give better prediction compared to the

Terzaghi’s theory.

But here I have use Skempton for our my all the problems on clay because it is giving

the giving the lowest value. So, to be in the safer side I am using that, but here now the



question is which equation we will use. So, as you can see that Terzaghi’s expression is
simple one and you can use it because, it is given the average value and it is also given
almost the similar type of value for other theories. It is giving within the within the
middle of the all the ranges range that I have received. So, that is why I can use the
Terzaghi’s theory because that is the simple. But if the load is inclined then that we can
use for the Meyerhof theory because, that is also predicting values which is slightly

lower side.

So, so that is why the depending upon that which theory is you are using so, that you
have to decide. But this is the as a engineer you have to decide which theory you will use
because, ultimately that is the table I have shown you that it does not mean that one table
will always give you the higher value. But I would recommend that is for the soft soil
only clay Skempton is good one. And for other theory you can use the Terzaghi because,

it is giving because it is very simple and it is given more or less reasonable value.

And, but if it is inclined loading then you can use the other theory this is like Meyerhof
theories. And so, that is why this is the comparison of the all the theories. And so, this is
the end of the shallow foundation part. So, next class I will start the next chapter which is
the deep foundation and mainly the pile foundation. And I will discuss the pile

foundation under compressive load only.

Thank you.



