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In my previous lecture I discussed the procedure to determine the settlement of pile group based 

on interaction factor approach. I have mentioned that there are 3 ways to determine the 

settlement of the pile group: based on the consolidation theory, based on the empirical equation 

and the third is based on the elastic analysis or based on the interaction factor approach. 

 

I have solved one problem to show how to determine the settlement of pile group based on the 

consolidation theory approach. Then I have shown an example to determine the settlement of the 

pile group based on elastic analysis or the interaction factor approach. Today I will summarize 

all the methods based on the elastic analysis. 

(Refer Slide Time: 01:27) 

 

Firstly the determination of the pile group settlement based on the interaction factor approach. 

Basically there are 3 types of piles: floating pile, end bearing piles on rigid stratum and end 

bearing pile on stiffer compressible stratum. In the case 1 the floating pile resting in a layer of 

infinite depth was discussed. There is another sub case in floating pile where the pile rests in a 

layer of finite depth. The interaction factor, αf used in the first case does not need a correction for 



finite layer depth whereas when the floating piles rests in a finite layer, this correction comes 

into picture. 

(Refer Slide Time: 03:08) 

 

This is one of the several curves, from which the αf value can be determined. This particular 

curve is for an L/d ratio of 10 and for a Poisson’s ratio of 0.5. So, if the pile rests in a soil with a 

Poisson’s ratio less than 0.5, the correction for μ should be applied. Also, if the pile has an 

enlarged base, the correction for that should be applied in addition. So, if a floating pile with an 

enlarged base rests in a soil of Poisson’s ratio less than 0.5 where the layer depth is finite, three 

corrections should be applied to the interaction factor, αf. 

 

The next case discussed was about end bearing pile resting on a rigid stratum and case 3 was 

about end bearing pile resting on a compressible stratum. For these two cases, the interaction 

factor was termed as αE (E for end bearing). The Poisson’s ratio effect in these two cases was 

found to be not effective and so that correction need not be applied to αE. As the pile considered 

here is end bearing type and it rests on a rigid stratum, the finite layer depth was also not needed 

here as it is obvious that the layer is finite. Finally, for the enlarged base there are no specific 

charts available for end bearing piles and so the charts available for the floating piles can be used 

here also. 

(Refer Slide Time: 05:33) 



 

The two charts shown above are the charts to read correction factors for Poisson’s ratio and finite 

layer depth in case of floating piles. So if in any problem, the conditions are such that these 

correction factors should be applied, then first the αF value should be determined from the chart 

and should be multiplied with the appropriate factors. 

(Refer Slide Time: 06:33) 

 

This chart helps to determine the enlarged base correction factor. The chart gives the correction 

factor values of db/d = 2 and 3. So finally if all the 3 corrections should be applied to the floating 

pile, the αf value should be multiplied with Nμ, Nh and Ndb. 

(Refer Slide Time: 07:54) 



 

Similarly the chart for interaction factor in end bearing piles was shown above for L/d = 10. 

(Refer Slide Time: 08:29) 

 

The third case in this was about piles resting on a compressible stratum the Eb and Es values 

should be known. (Eb is the elastic modulus of the base stratum and Es is the elastic modulus of 

the soil through which the pile is passing) The expression for α in that case was given as: 

 EFEF F    

αF and αE are the interaction factors for floating pile case and end bearing case respectively after 

applying the applicable corrections (if any). The value of FE will be unity if the Eb value is very 

high (almost infinity) and if FE = 1 then α will be equal to αE. This shows that if Eb is infinite, it 



means that the bearing stratum is rigid and so this case also merges into the second one where 

end bearing piles rest upon a rigid stratum. Remember that this FE value also should be read from 

different charts each with a specific L/d value: 10, 25, 50, 100. The chart shown above is for an 

L/d ratio of 10. 

(Refer Slide Time: 10: 08) 

 

So for floating piles, 3 corrections and for the end bearing piles, 1 correction (enlarged base) may 

be applicable at the maximum. For the approach based on the interaction factor, the settlement of 

the single pile should be known to apply the method. That single pile settlement can be 

determined by the pile load test or also by the elastic analysis. 

(Refer Slide Time: 10:59) 

 



The above expression is for the floating pile single pile settlement. So Io value can be determined 

from the chart in the above slide. If Poisson’s ratio of the soil is 0.5, depth of the layer is infinite 

and pile is rigid or incompressible then I = Io. 

(Refer Slide Time: 11:59) 

 

If the pile is compressible, the compressibility correction factor, Rk should be applied and if the 

layer in which it is resting has finite depth, the correction for finite depth, Rh should be applied. 

(Refer Slide Time: 12:14) 

 

Similarly the correction for Poisson’s ratio, Rμ should be applied if Poisson’s ratio is not 0.5. So, 

the factor Io should be calculated considering all these corrections. 

(Refer Slide Time: 12:32) 



 

Then the settlement of single end bearing piles resting on a stiffer stratum can be calculated as 

shown above. The corrections applicable here are the Poisson’s ratio correction Rμ, correction for 

pile compressibility Rk and the correction for bearing stratum stiffness, Rb. Again here, as it is an 

end bearing pile, the finite depth correction is not applicable. 

 

So in case of single pile settlement, 3 correction factors at maximum are applicable for both 

floating pile and en bearing pile. 

(Refer Slide Time: 14:27) 

 

The above chart is for the Rb correction when the L/d ratio is 5.  



The second approach in this regard was to determine the settlement ratio from the table directly. 

An example problem was solved to calculate the Rs value and then it is determined from the table 

to check the table. The Rs values are given separately for floating piles and the end bearing piles. 

 

So the Rs value can directly be read from the table or calculated based on the first method. If it is 

read from the table, the correction factors may have to be applied to the Rs value. If the first 

method is followed, the corrections will be applied first and then the Rs value will be calculated.  

(Refer Slide Time: 16:03) 

 

This is the table to determine the Rs value directly, for friction pile group. Remember that this is 

for the pile group with the rigid cap meaning that the settlement will be uniform. 

(Refer Slide Time: 16:39) 



 

This is for rigid stratum end bearing pile on rigid strata. 

(Refer Slide Time: 16:44) 

 

These are the charts for the correction factor on Rs. The correction factors for finite layer and 

compressibility of bearing stratum are shown above. 

(Refer Slide Time: 17:01) 



 

The above chart is for the Poisson’s ratio correction on Rs. 

After determining the Rs value from the table, the correction factors should be calculated. So the 

2 possible corrections for the floating pile are the finite layer and the Poisson’s ratio factors. For 

floating piles the base compressibility correction factor need not be applied. 

 

And for the second case, when dealing with the end bearing piles, the compressibility of the 

bearing stratum will be mostly used. For the end bearing rigid pile the Poisson’s ratio has the 

least effect. 

(Refer Slide Time: 18:25) 

 



The next concept is the settlement of the pile group in layered soil which was discussed in the 

previous class. In the previous example problem, the settlement of the pile group based on the 

first approach, the interaction factor approach was calculated. Today the problem will be solved 

by using the second approach. That means the Rs value will be picked from the table. 

(Refer Slide Time: 19:11) 

 

(Refer Slide Time: 19:14) 

 

In the last example problem the single pile settlement (in layered soil) was calculated considering 

that the pile is very rigid. Because of that, any correction factor was not considered and I = Io 

was valid then. Now, if the compressibility of the pile is considered, the respective correction 

factor should be applied. 



 

As k value is 1000 and L/d ratio was 50, the compressibility correction, Rk will be 1.28. So, I 

value will be: 

055.028.1043.0  kRII   

If this I value is substituted in the formula for settlement, ρs value will be 0.88 mm. The 

settlement without considering the compressibility of the pile was 0.69 mm. Now as the pile 

compress, the settlement also increases than the incompressible case.  

 

Now a problem will be discussed to show the procedure to determine the settlement of a pile 

group in a layered soil. So the problem condition states a 3 × 3 pile group with each pile having a 

length of 20 m. The soil profile consists of three layers in which the top layer is of 30 m 

thickness. The thickness of the layer 2 is 10 meter and the thickness of layer 3 is 5 meter. 

 

The properties of soil in the first or the top most layer are given as: cu = 26 kN/m
2
, μs = 0.35 and 

Es = 20000 kN/m
2
 (20 MPa). The properties of soil in the second layer are given as: cu = 15 

kN/m
2
, μs = 0.35 and Es = 9000 kN/m

2
 (9 MPa). The properties of soil in the second layer are 

given as: cu = 20 kN/m
2
, μs = 0.35 and Es = 15000 kN/m

2
 (15 MPa). 

 

The pile group consists of 9 piles arranged in a 3 × 3 pattern with center to center spacing of 2 m. 

The diameter of each pile is 0.4 m. So the width of this pile group block will be: (2 × 2 + 0.4 = 

4.4 m). The piles are solid piles and so the RA value will be 1. 

 

Under these conditions the settlement of the pile group should be determined in these layers 

using the elastic analysis approach. In this case the elastic modulus obtained is for the undrained 

condition when the μ is 0.5. But the elastic modulus at any condition will be equal to: 

  uss EE 

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where Eu is the elastic modulus of the soil in undrained condition. So, if the Poisson’s ratio of the 

soil is 0.5, then Es′ will be the same as Eu. So if the Eu value is known, the elastic modulus of the 

soil can be calculated for any Poisson’s ratio. Here, as the Poisson’s ratio is 0.35, that value 



should be substituted in the expression if Eu was given. But here the values of elastic modulus for 

the different layers are given directly and hence this expression need not be used. 

 

First let us calculate the k value: 
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The calculations are being done considering the pile as a floating pile resting in a layer of finite 

depth and so the first layer elastic modulus is considered.  
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Here, if the first approach is to be followed, the Rs value should be calculated by determining the 

settlement of the pile group. But here, as the second approach is being followed, the Rs value will 

be directly determined from the table. The pile group rests in a single layer without any stiffer 

stratum at its base and so the floating pile chart should be referred to read the Rs value. For a 3 × 

3 pile group (or 9 piles), a k value 1000, L/d of 50 and s/d ratio of 5 (2/0.4), the value of Rs from 

the chart will be 3.51. But, these charts are developed for a pile group resting in infinite layer and 

for soil with Poisson’s ratio 0.5. 

 

But here the Poisson’s ratio is 0.35 and the layer is finite. So corrections should be applied for 

these two factors. To start with applying the corrections, the values that are to be known are: 

m; 30h  ;5.1
L

h
 35.0s  

For floating pile group of 3 × 3 with h/L = 1.5, L/d = 50 the correction for finite layer depth on 

Rs is ζh = 0.83. Similarly for a soil with μ = 0.35, the correction for Poisson’s ratio on Rs is ζμ = 

1.035. So now these 2 correction factors should be applied here: 

02.3035.183.057.3)( correctedsR  

The corrected value of Rs is calculated from the table (the second approach). 

In the next class, I will calculate the settlement of a single pile and multiply it with the Rs value, 

to get the settlement of the pile group. As this is a settlement ratio, it is not the settlement of the 

pile group. Thank you. 


