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So, last class I have discussed the bearing capacity of layered soil and then I was solving one 

example problem and I solve a case 1 where the top and the bottom both layers are 

considered as clay soil. 

(Refer Slide Time: 00:50) 

 

So, now I started the second case that is the top layer is sandy soil and the bottom layer is a 

clay soil. So, as I have mentioned the theory that I have discussed is applicable if the top 

layer is stronger than the bottom layer. That means, the top layer is a strong soil and the 

bottom layer is weak soil. So, and the first case the case 1 I have discussed that the top layer 

is a strong clay or the I should say that stiff clay c value is 100 kPa or the strongest soil with c 

value is the 100 kPa stronger compared to the second layer. And for the second layer the c 

value is considered as 40 kPa. 

(Refer Slide Time: 01:49) 
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And I got ultimate bearing capacity as 393 kN/m2 and then in the second case that the top 

layer is a stronger sand layer and the bottom layer is the same soft layer with a weaker layer 

with a c value of 40 kPa. So, this is the second case problem where the passive pressure we 

have to calculate in a different way.  

 

Because in the basic expression the unit weight throughout the layer is considered as the 

same, but because water table effect was not considered, but in the second case problem as 

the water table is considered at a depth of 1 m below the ground surface. That means it is at 

the base of the foundation, because our foundation base is also 1 m below the ground surface. 

 



So, that means, in this case unit weight throughout soil is not same, because above the water 

table you have to consider the bulk unit weight and below the water table you have to 

consider the saturated or submerged unit weight. So, that is why we have to calculate this 

passive pressure or the force in first. Then we have to put this to the equation. So, let us 

derive that equation first if the unit weight is not same. 

 

So, this is the case. So, as I mentioned this value is basically Df  bulk because bulk is unit 

weight above the water table and even the water table is not at the base, it is slightly above 

the base but below the ground surface then for some portion it will be bulk and some portion 

will be sub even within the Df part. 

 

So, remember that because here total Df part is the bulk that is why it is taken bulk and here 

the lower part is actually 
ୠ୳୪୩

× 𝐷௙ + 
ୱ୳ୠ

× 𝐻. So, the passive pressure I can write that the 

Pp will be or that force will be 
ଵ

ଶ
, this I am only considering the effective overburden part, 

because that K already been multiplied in the general equation. 

 

I am just calculating the force. So, without considering K only that overburden vertical force 

part I am considering, have to multiply with the K to get the lateral pressure. So, that means 

this will be 
ଵ

ଶ
× 𝐻 is the thickness × that because this is a trapezoidal  A + B and A is 


ୠ୳୪୩

× 𝐷௙ + 
ୱ୳ୠ

× 𝐻 where the 
ୱ୳ୠ

= 
ୱୟ୲

− 
୵

. 

 

Here the 
୵

 is given as 10 kN/m3 and 
ୱୟ୲

 is 20 kN/m3. So, 
ୱ୳ୠ

 or  is 10 kN/m3. So, I can 

write this equation further 
ଵ

ଶ
×  outside then this 

ଵ

ଶ
×  this will be + 1 + there will be 

ౘ౫ౢౡ

౩౫ౘ

 

and this is a part term 2 and 
஽೑

ு
. 

 

So, this will be H2. So, what I have done I have taken 𝐻 common. So, then this part will be 

your 1, then 
ୠ୳୪୩

𝐷௙ + 
ୠ୳୪୩

𝐷௙ this will be twice, then 
ౘ౫ౢౡ

౩౫ౘ

  
஽೑

ு
. But our actual equation you 

can see it is 
ଵ
. So, that if there is a different unit weight or due to the water or in the soil then 

we have to incorporate these effects. So, that means we have to modify these equations 

slightly. 
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So, now, the modified equation will be that qu will be qb +  because this is 
ଵ

ଶ
 then these 

forces are acting in both directions. So, this twice  
ଵ

ଶ
. So, this part will cancel. So, it will be 

𝐻ଶ, then if I consider the shape factor then 1 +
஻

௅
, then that will be ൤1 + 2 ൬

ౘ౫ౢౡ

౩౫ౘ

 ൰  ቀ
஽೑

ு
ቁ൨ ×

௄ೞ ୲ୟ୬ 
ଶ

−𝐻. 

 

Now, remember that this equation is applicable not in general again this equation is 

applicable if water table is at the base of the foundation, remember that. So, now, the water 

table is not at the base of the foundation, it can be anywhere. For example, the water table is 

here with a distance of a and this is the 𝐷௙. Now, this is 
ୠ୳୪୩

, this is . So, now what will be 

the pressure distribution? 

 

So, this portion will be 𝑎 × 
ୠ୳୪୩

+ ൫𝐷௙ − 𝑎൯ ×  and this portion will be your 𝑎 × 
ୠ୳୪୩

+

൫𝐷௙ − 𝑎൯ ×  + 𝐻 × . So, then you determine this trapezoidal area and then multiply with 

ଵ

ଶ
× 𝐻 and then we will get the force, because you have to multiply with the K because that K 

part is already incorporated in the equation. 

 

So, that means again you have to modify this equation that I have derived. So, the equation 

that I am using now is because the water table is at the base of the foundation but if water 

table is at any position then you have to modify it accordingly, remember that. In another 



case suppose the water table is below the base of the foundation. So, suppose the water table 

is here with a distance of a, this is 𝐷௙. 

 

And then this portion is H, then what would be the pressure distribution? So, this will be the 

pressure distribution, this one will be 𝐷௙ × 
ୠ୳୪୩

 and this one will be 𝐷௙ × 
ୠ୳୪୩

+

𝑎 × 
ୠ୳୪୩

+ (𝐻 − 𝑎) × , then you have to again modify these equations because ultimately 

remember that we are basically calculating the area of these trapezoidal and the sides A and B 

can be calculated in different way depending upon the position of the water table. 

 

If there is no water then the first equation that I have derived can be used directly and that is 

you have to do the modification if the top layer is sand, because top layer is clay then these 

forces will not be required because tan  = 0. So, total part will be 0. So, this exercise is not 

required. This is required if the top layer is sand. And then remember that do not always use 

these equations for the water table case because we have to modify the equation and we have 

to calculate this area depending upon where your water table is resting or the position of the 

water table. 

 

So, depending upon the condition you have to modify these. Because our case now the 

example problem that I have considered water table is at the base of the foundation. So, I can 

use these equations. So, now we can calculate this one 𝐷௙ × 
ୠ୳୪୩

+ 𝑎 × 
ୠ୳୪୩

+ (𝐻 − 𝑎) ×  

this is the water table and here this is the water table. So, now first we have already calculated 

the qb which is the clay part and it is 261 kN/m2. 

 

Now, I will calculate the  of the top which is this clay layer. So,  of top layer the initial 

portion suppose it is now resting in the soil where this is the case. So, the unit weight soil 

above the base level is bulk. So, I have to consider because first time will be 0 because there 

is no cohesion of the top layer. So, this will be 
ୠ୳୪୩

𝐷௙𝑁௤ଵ𝑠௤ଵ because it is a rectangular 

footing +
ଵ

ଶ
. Now, it will be 

ୱ୳ୠ
 because your water table is below the base of the foundation. 

So, this will be 
ଵ

ଶ


ୱ୳ୠ
𝐵𝑁ଵ𝑠ଵ. 

 

Remember that again this equation will be different if the position of the water table is 

different. So, for example, if the position of the water table is like this then these equations 



will be for the first case and in this equation 
௧
will be 𝑎 × 

ୠ୳୪୩
+ ൫𝐷௙ − 𝑎൯ × 

ୱ୳ୠ
. Then this 

will be 𝑁௤ଵ, then 𝑠௤ଵ then +
ଵ

ଶ
𝐵𝑁ଵ𝑠ଵ. 

 

Now, if this is the second case, then what would be the top layer bearing capacity. In this case 

the qt will be the soil above the base of the foundation is 
ୠ୳୪୩

, then this is 𝐷௙, then 𝑁௤ଵ, 𝑠௤ଵ 

then +
ଵ

ଶ
, this one you consider , because I am calculating  then 𝐵 , 𝑁ଵ and 𝑠ଵ. 

 

Because how you calculate the  because I am basically doing the same process that I have 

discussed during the effect of water table on bearing capacity in Terzaghi's bearing capacity 

theory. So, that I have discussed in one of my previous lectures. So, how we can incorporate 

the water table effect in Terzaghi's bearing capacity equation that I am doing here. 

 

So, now, because that we have to do for every bearing capacity equation, if you want to 

incorporate the water table effect that I have discussed except the IS code method where the 

water table effect is directly incorporated in the equation and you have to determine that W. 

So, now, what is ̅ ? ̅ =  + 𝑏. Now, if you consider this is a or b or you can write a itself 

also no problem. 

 

So, then this will be a, then this is B, then  − . So, now, this is the general equation where 

B is the width of the foundation, because now it is top layer the total bearing capacity is 

resting on the top layer. So, this H part will not be there because there is no thickness of the 

soil layer because total layer is the one same layer. So, that means it will be a in this equation. 

 

Where a is the position of the water table below the base of the foundation. So, in this way 

you can calculate qt. So, again this qt top equation is not general for the water table case 

depending upon where your water table is located you has to modify this equation also. So, 

now finally for our case if I calculate qt. So, I have to calculate this shape factor also. 

 

Now, first we take  = 40. Now, in such case for Meyerhof's bearing capacity, Nq is 64.1 and 

N is 93.7. So, 𝑠௤ = 𝑠 = 1 + 0.1 ቀ
஻

௅
ቁ tanଶ ቀ45 +


ଶ
ቁ. So, if I put B = 2, L = 3, then 

tanଶ ቀ45 +
ସ଴

ଶ
ቁ. 



So, 
ସ଴°

ଶ
, that will be 20. So, now, this value will be 1.307. So, finally, if I calculate then qt is 


ୠ୳୪୩

 is 18, 𝐷௙ is 1, 𝑁௤ଵ is 64.1, then 𝑠௤ଵ is 1.307 + 
ଵ

ଶ
  is 20 – 10, then B is 2, then 𝑁ଵ is 

93.7, then a factor of 1.307. So, it is 2732.7. So, this is the limiting value of the bearing 

capacity for this layered soil and it should be within 2732.7 kN/m2. 

 

Now, we know qb. So, now we have to calculate because I have not considered that Ca part in 

the basic equation, because in this equation you can see there is a Ca part, Ca  H because as 

the cohesion is 0, so this part will be automatically 0. So that is why I have not considered. 

 

So, because already remember that in this equation there is a friction part and the cohesion 

part. So, as the cohesion is 0, that is why I am considering only the friction and then we have 

to calculate the Ks. Now to calculate the Ks you should know 
௤మ

௤భ
 and what is 𝑞ଶ? 𝑞ଶ is the 

bearing capacity of a strip footing of width B resting on the surface of the bottom layer. 

  

Now, if a strip or continuous footing is resting on the surface of the top layer, when the width 

of the footing is B then that is called 𝑞ଵ. So, it is a strip footing if I put on the surface, so, 

second term is 0 and this bottom layer is cohesive soil. So, third term is also 0, only there will 

be first term and that first term, Nc is taken as 5.14. Now, if your  = 0, so Nc is 5.14 as per 

bearing capacity factor table. 

 

So, I can see this is 5.14𝑐ଶ divided by it is strip footing for the top layer is the sand. So, first 

term is 0, second term is 0, because it is resting on the surface. So, it will be bulk because why 

 actually I should write it is also ̅, I am writing ̅ because in this case the water table is here 

at a depth of 1 m and for the bottom layer does not matter because it is a clay soil. 

 

So,  is not important in this calculation, but at the top layer suppose we are placing this 

foundation at the surface. So, that means water table will affect up to a depth of B from the 

base of the foundation, here base of the foundation and the surface both are same, because it 

is a surface footing. So, now we have to calculate the  value and  value is given like this. 

 



So, now if I put the  then, ̅ can be calculated like this where a = 1 m and B = 2 m. So, now, 

if I put  = 10, sat = 20 and unit weight of water = 10. So, this is in kN/m3, because this is 

sat and this is w. So, this is 10 + a is 1, B is 2, this will be bulk, bulk is 18, then  is 10. 

 

So, this value is coming out to be 14 kN/m3, for this particular case. So, that means I am 

writing here these why I am taking ̅ because the water table is below the base of the 

foundation at a distance of 1 m from the base. So, ̅ and then this will be B, then 𝑁ଵ and why 

I am not taking the shape factor because it is strip footing. So, shape factor will be always 1. 

 

So, now this is the equation. So, if I put 5.14, c2 is 40 kN/m2,  
ଵ

ଶ
× ̅ is 14, B is 2 and 𝑁ଵ is 

how much? 𝑁ଵ is 93.7. So, this is 93.7. So, this value is roughly 0.16. Now, let us go to the 

chart. Now, this is 0.42 this is 0. So, 1 will be here, 0.1 will be here, 0.16 will be here. 

 

So, the  value of the top layer is 40. So, now if I draw a chart which is like this. So, that 

means this value is around this is 2.5. So, actually it will go further like this because this 

distance is something like this. So, this is 5, this is 10. So, this value is roughly 3.5, but this is 

5, this is 10 roughly 2.5 will be something here, it will be in between around 3.5 and so. 

 

As it is 1.6, so, it will go slightly up so, it is 3.5. So, now, the 0.16 the Ks value is roughly 3.5 

or you can take because when you are taking values from the chart slightly these values may 

vary because you are taking by eye estimation by your own and I am also taking. So, there 

may be some variation, but that is not the issue. But that variation should be very small. 

 

And in the exam problem definitely these Ks values or the values those are required will be 

given in the exam because, those value we have to take from the chart or those values you 

have to take from the tables so those values will be given, because you will not be allowed to 

take any chart or table inside the exam hall. 

 

So, in the exam problem, definitely these values are required to take from the chart or table 

which will be given. So, in the assignment problem also I will try to give these values, but if 

it is not given you can take the Ks value, but the variation will not be that much significant. 

So, your answer and the answer that I will give will be very close, this may not be an issue. 

So, Ks value is 3.5. So, now, I put these values. 
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So, this value will be qt. Finally, I can write that qb is 261 and qu value is how much? qu value 

is 261 + your this equation is ,  is 10 H2 is 1, a2 is 1  1 + B is 2, L is 3, then 1 + this is 

2
஽೑

ு
, 𝐷௙ is 1, H is 1, then 

ౘ౫ౢౡ


=

ଵ଼

ଵ଴
  Ks is 3.5  tan 40 divided by 2 because B value is 2 - 

 × 𝐻,  is 10 and H = 1. 

 

So, this is 363 kN/m2. So, which is less than qt is fine. So, that means you can determine the 

ultimate bearing capacity of the layered soil if the top layer is a stronger soil and the bottom 

layer is weaker clay. Because that means we have discussed two cases. So, first case is the 

stronger clay and the weaker clay and then the second case the stronger sand and the weaker 

clay. 

 

Now, in the next class I will discuss the third case when the stronger sand versus weaker 

sand. So, that is the third case which I will discuss in the next class, thank you. 


