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So, last class I have solve a problem on bearing capacity of or the load carrying capacity
of pile in homogeneous sign and I have solve that problem by using 3 different methods
and then considering I have solve the problem considering critical depth or critical length

concept and without considering the critical length or critical depth concept, now this

Lecture - 32
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class I will solve a problem on layer soil.

(Refer Slide Time: 00:57)

| e

Witheul C-'rsdl‘ﬂ' Gl Lagth)

Drivew '?10

L= yr5eq olym STmelG,

L;l' D2 360 nwm K21 g:c.}rf: 225
S —t lmnt: s " ’
wSond, dayg
K g }ﬂ‘_s = aer
i nediom Sond K3 "55: 035 °
Y2 1
#l, 3"f.
" Do Send g gz 00 0F5F 29.95 “'
!‘7;’:9‘ 4298, & _1-_=.- 2o N2 m.(ﬁ-]
o |
* (u--:o)r S'Cu-—w) 13¢ M? Y

53 asrpt 20745

Mo 2 1282 1932 2 1& 21
et & Ya(o3s)y» 18 204 = 135 e

‘BPTLQEL LS
el d |

So, the problem is that we have a so this is the layer soil and soil layer this is down

surface G L. This is the first layer of 4 meter this is 0 meter then the second layer is 5

meter; that means, up minus 9 meter and then the pile is inserted here.

So, total length of the pile is 14 meter ok. So, the pile base is at minus 14 meter. So, total
length of the pile is so this is minus 14 so this is 4 meter plus 5 meter plus 5 meter is 14

meter and this diameter of the pile is taken as 350 millimeter and water table is at 2

meter below the ground layer.



So, this is this soil is loose sand and the gamma value is given 17 kilo Newton per meter
cube the second layer is medium sand this is the medium sand and unit weight is taken as
18 kilo Newton per meter cube phi dash is 34 degree for the second layer and phi dash is
30 degree for the first layer and for the second layer third layer this is dense sand and

unit weight is 20 kilo Newton per meter cube and phi dash is equal to 39 degree.

So, now, we have to solve this problem. So, now, from the table we have taken for the
loose sand for the concrete pile and this is also driven pile this is also driven pile. So, k
value is taken as 1 delta value for the concrete pile is 0.75 phi. So, that is equal to 22.5
degree for the second layer k is taken as it is medium sand because k value is 1 for loose

sand and 2 for dense sand.

So, medium sand am taking it is 1.5 delta value is again 0.75 of phi. So, that is equal to
25.5 and dense sand k value I am taking 2 and delta value again 0.75 of phi and that is
equal to 29.25 degree ok. So, now, the phi value is equal to 40 degree L by D is equal to
this is the 14 divided by the 0.35 and that is equal to 40.

So, from the chart N Q value is equal to 132. So, 1 thing I want to mention that in few
researchers they have suggested that you take the length of the last layer why it is
penetrated and this last layer length; that means, 5 meter when you calculate the L by D
part, but I would recommend to take the total length of the pile and the diameter 0.35 and
take the phi value of the layer where the pile is rested ok. So, phi value I have taken of
that layer where it is a just 39 degree sorry. So, it is 39 degree where it is rested. So, that
39 degree I am taken and the L by D value is taking the total length of the pile.

Total length of the pile when you talking about the L by D and the phi value where the t
p is rested, ok so that is the layer where t p is rest it or pile basis rested so that a phi dash
is again 39 degree. So, now, this phi value is 132 or it can be around because I am taking
from this chart. So, it will be around 130 to 132 so I have taken 132. So, now, the sigma
bar so this is I am solving without considering critical length ok. So, the sigma bar I am
taking the full effective over pressure. So, sigma bar will be 2 into 17 for the top part
above the water table then again 2 into 17 minus 10 then plus 5 into 18 minus 10 then

plus 5 into 20 minus 10.

So, that is equal to 138 kilo Newton per meter square. So, my q p u is equal to sigma bar

into N q. So, N q is 133 from the figure so how, So, we are using the first method and all



others problems I will use the first method and I will prefer to use that method. So, in the

remaining problems I will use the first method and I will use that chart to calculate the N

qg.

So, this is the N q from the chart. So, and this value; that means, the chart I can show you

the chart that are consider. So, I have use this chart basically.
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So, this is the chart it is 39 corresponding to L by d 40. So, this will be the value 132. So,
now, this is the sigma bar N g, so, N q is 132. So, sigma bar 138 into 132, so, this will be
equal to 18216 kilo Newton per meter square. So, I will take the full stress, so, that why I
will not reduce this value. So; that means, Q p u is equal to pi these point pi d square by
4 into 18216 that is equal to 1752 kilo Newton ok. So, that is the Q p u. So, next part I
will calculate the friction resistance that is the f's 1 so, that I will calculate from O to 2

meter.
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So, now if I draw the stress distribution, so, up to 2 meter this is the value it will further
reduce then it will further increased then this is the stress distribution. So, I am giving
you the value. So, this is plus 2 meter this is minus 2 meter this is minus 4 meter this is
minus 9 meter this is minus 14 meter ok. So, 14 meter I have already calculated that is
138 kilo Newton per meter square, for 2 meter it is 17 into 2 that is equal to 34 kilo
Newton per meter square and the 4 meter that will be that 17 into 2 plus 2 into 17 minus

10. So, that is equal to 48 kilo Newton per meter square.

So, similarly here it is 88 kilo Newton per meter square. So, if I calculate the first part
then this will be the average value 0 plus 34, k is taken 1 and tan it is 22.5 degree. So,
that is coming out to be 7 kilo Newton per meter square; f s 2 from 2 meter to 4 meter
this value is the average of 34 plus 48 then k value is 1 and tan 22.5 degree. So, that is
equal to 17 kilo Newton per meter square then f s 3 from 4 meter to 9 meter. So, this is
also have 48 plus 88 average k value is here is 1.5 because this is the second layer, 4 to 9
is a second layer the k value is 1.5 and 0 to 2 and 2 to 4 is the first layer where k value is

1.

So 1.5 and here the delta value is 25.5. So, you will take into tan 25.5 degree. So, the
value is 48.7 kilo Newton per meter square, then f's 4 which is 9 meter to 14 meter and
this 1s half into 88 plus 138 into 2; here the k value is 2 delta value is 29.25 into 2 into
tan 29.25 and that is equal to 126.6 kilo Newton per meter square.



So, my fQ, Q fis equal to pi d pi d is 0.35 then we have to consider this length. The first
one is 7 and the length is 2 meter then second one is 17 length is 2 meter 4 minus 2 that
is 2 meter third one is 48.7 length is 9 minus 4; that means, 5 meter then the last one is
126.6 and the length is 14 minus 9 again 5 meter. So, this is equal to 1016 kilo Newton
ok. So, the value is 161016 kilo Newton and ultimate value will be equal to which is
1752 1752 plus 1016; so, that is equal to 2768 kilo Newton. So, the Q safe is equal to
2768 divided by 2.5 that is equal to 1107 kilo Newton.

So, this is the safe load without considering the critical length concept ok. So, now, I will
consider the critical length concept for the same problem and then we will see how much
difference will be there, the same problem if I consider the critical length. So, the same

this is the ground level, so, now considering ok.
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So, same ground level is 0 meter, this is minus 2 meter where it is the water table this is
the ground level that is the water table and here this is 4 meter the first layer this is minus

9 meter the second layer and minus 14 meter third layer up to 14 meter this pile is rested.

So, the distribution will be now if I draw the state distribution, so now, the question is
which critical length will consider because this first layer is the loose sand second layer
is the medium sand third layer is the dense sand and the. So, I would prefer to take the
critical length as a critical length divided by D is 15 because that is the range from lows

to medium and for the dense sand it is 20, but the soil the top portion is lows to medium.



So, I will take that critical length divided by D is 15 because that is the top portion where

this is the loose sand this is the medium sand.

So, if I take this is 15. So, your critical length is 15 into 0.35. So, that is equal to 5.25.
So, that is the critical length. So, again if I draw the distribution, so up to 2 meter this is
the value. So, up to 2 meter it will be 17 into 2 so, that is 34 kilo Newton per meter
square then 4 meter. Again this value is 48 kilo Newton per meter square because in the 4
meter we have calculated that is 48 kilo Newton per meter square. Then the critical depth

is up to 5.25.

So, it will further increase up to 5.25. So, this is minus 2, this is minus 4 this is minus
5.25. So, these value is 5.25, so, these value is 58 kilo Newton per meter square then
after that it will remain constant because you are considering the critical depth concept.
So, this is minus 14 meter and in between that here it is minus 9 meter. So, this is 58 kilo
Newton per meter square this is also 58 kilo Newton per meter square ok. So, now, first
will calculate the q u p q p u, so q p u that N q will be mentioned. So, sigma v into N q
and N q value is 132 we are use in the last problem; that means, sigma bar is 58 and N q

is 132.

So this is 7656 kilo Newton per meter square. So, now, Q p u is equal to pi 0.35 pi d
square by 4 into 7656 that is equal to 736 kilo Newton ok. So, now, I calculate the
friction part so, first the skin friction, so first f's 1 that I am calculating from 0 to 2 meter;
0 to 2 meter which is again half into 0 plus 34 k, k value is for this portion that will not
change. So, k value is 1 delta is 22.5 here k value is 1.5 delta is 25.5 here k value is 2 and
delta is 29.25.

So, your k value is 1 and this is tan 22.5 degree. So, these value is coming out to be 7.04
kilo Newton per meter square ok. So, similarly the f's 2 will be the average of this 2 that
is 34 plus 48 and here it is 1, k value is 1 and tan is 22.5 degree. So, that value is that is
s 2 is 2 meter to 4 meter. So, that value is coming out to be for, so, this is your 22 and so,
the final value I have the final value so this is the calculation. So, similarly from here I
can calculate fs 1 is equal to fs 1 into A s thisisthe Q f1 as. So, A s is pi into 0.35 and
fs1is7.04 so, this is equal to 15.5 kilo Newton.

Similarly Q £2 is f's 2 into sorry pi D and they will be L also this is 2 L is 2 because this
is the pi pi D and L, L is 2 meter because this is 0 to 2 meter into the f's is 7.04 and f's 2



into A s that is pi into 0.35 pi D and L, L is 4 minus 2 and then into f's; f's is equal to this
value is f's value is half 34 plus 48, k value is equal to 1 into tan 22.5 degree. So, that is
equal to 37.3 kilo Newton so here I am just directly calculating the Q. In the previous
problem at the end of the all calculation of f' s I determine the Q f, here I am separately

calculating the Q f.

(Refer Slide Time: 23:47)

] %": ” L(c.ns& ) w1 bun 2547

(."’:e“ A(+36)* +(5 2;—«_) (_mse)ugk“ 265" E?K"'
) a
= A ;s) U-S'ls) % G % 15 dom A5 iy @
g = (35T W
Uﬁ ) (m-e) A GE %2 dwm 2926 ] )
657 121 +38¢T = L% kN

X l;.g'tﬂ‘:‘af
= 1BFY UV

pet Qupe 41
a 35' C

-

('q,i"(,] Q

So, similarly the f's 3 that is from 4 meter to 5.25 meter. So, that is equal to 4 meter to
5.25 meter and here this value is 48 and 58. So, 48 plus 58 and here this k value is taken
as 1.5 and tan value is taken as 25.5. So, now, if I calculate fa Q f 3, so, thatis pi D L is
here 5.25 minus 4 into this value so, into half 48 plus 58 into 1.5 into tan 25.5 degree. So,
that is 57 kilo Newton ok.

Similarly I can write the Q f 4 that is from 5.25 to because the 5.25 to 9 because
otherwise the stress is uniform, but up to 9 it is a one layer and beyond line there is
another layer. So, we have to consider up to 9 so this is up to 9 meter. So, the value is pi
D 0.35 L is 9 minus 5.25, then the this is value is uniform value because 58 is throughout
this uniform. So, that stress is 58 and then k value is taken as 1 point k value is taken as

1.5 so that is 58 and k value is here k value is 1.5 and delta is 25.5.

So, k value is 1.5 and delta value is tan 25.5 degree. So, this is 171 kilo Newton ok. So,
next one Q f 5 which is from 9 meter to 14 meter that is equal to again pi D L is 14

minus 9 into again uniform 58, but k value is 2 here, k value is 2 here and delta is 29.25



and delta is tan 29.25. So, that is equal to these value is coming out to be 357 kilo
Newton ok. So, now, the final Q f'is equal to 15.5, 37.3, 57, 171 and 357.

So, I can add these 15.5 plus 37.3 plus 57 plus 171 plus 357 that is equal to this value is
equal to 3638 kilo Newton ok. So, now, Q u will be equal to 736 because this is 736, 736
plus 638. So, that is equal to 1374 kilo Newton and Q safe is 1374 divided by 2.5 that is
equal to 550 kilo Newton. So, this is the load that pile can take if I consider the unit
critical depth and this is the load pile can take if I consider if I do not consider the critical

depth concept.

So, in the next part that I will start is I have solve the problem of pile in the mainly in the
granular soil. So, and I have solve this problem for homogeneous sand as well as layer
soil. So, in the next part I will start the load carrying capacity of pile in clay soil if the
pile is in clay then what would be the load carrying capacity. So, this things I have

discuss I finished that so, now pile is in clay.
(Refer Slide Time: 30:03)

Piles in clay :
The ultimate load capacity of pile (Q,):

Qu = qpuAh + f&Ac

In clays, 9, =c,N, and f, = ¢, = ac, - ""'3

7
QH = CubNL‘ Ab L acrr As
\_"\ -l:""-\.

L

¢, = undrained cohesion at the base of pile

N_ = bearing capacity factor for @ deep foundation. For circular and square piles N, = ¢

(proposed by Skempton). Pile must go at least 5D inside the bearing stratum.
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So, the same thing here also pile will get the resistance from the tip as well as the
friction, but here the equation is slightly different that here so, the as the phi value is 0,

so, the N gamma value will be 0, N q value will be 1.

So, that part we have neglected here. So, we have consider only Q N ¢, ¢ u N ¢ and the

friction part. So that means, here this here it is the tip resistance and this is the friction



ok. So, friction is alpha is the addition factor. So, nearly this N ¢ value is taken as 9, c u
value is the undrained cohesion, A b is the area of the base and alpha is the addition
factor. So, how will I look and ¢ u is the cohesion, A is the area of surface area of the

pile.
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Now, how I will look calculate the addition factor? So, I will get the addition factor form
these table that if the soil is up to very soft then the driven pile it is 1 medium it is 0.7,
stiff it is 0.4 stiff to hard it is 0.3 and which based on the ¢ u value also we can identify
which soil soft, very soft medium stiff very stiff and hard and you have a graph also from
here also will get the value of the addition factor if I know the cohesion value. So, in the
next class I will solve the problem on pile in clay and then I will also discuss the IS code
recommendation was IS code as mentioned how to calculate the load carrying capacity

of the pile in clay.

Thank you.



