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In this class I will complete the problem of determining the pile group settlement using the 

elastic analysis approach which I started in the previous class. 
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This was the problem definition where the settlement should be determined for a 3 × 3 pile group 

with spacing of 1 m. An expression was already determined for the settlement of piles in group 

A: 
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Now the settlement of the piles in group B should be determined. So the interaction factors 

should be calculated for the piles just like the previous case of group A. The distance between 

the 2 & 4 piles is 22 11   because the line joining the centers of both the piles is like a 

hypotenuse of a right angled isosceles triangle of side 1 m. Similarly the distance between the 

piles 2 & 6 is also 22 11  . All the rest are pretty direct to determine except 2-7 and/or 2-9. The 

distance between the piles 2 & 7 will be 22 12  . This distance also uses the hypotenuse concept 

but here, the other two sides of the triangle are 2 m and 1 m (one side is 2 to 1 which is 1 m; 

other side is 1 to 7 which is 2 m). All the other spacing values can be easily found out. 

So, the expression for settlement of piles in group B is: 
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Similarly, the expression for the settlement of pile in group C is: 
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Now if there is a rigid pile cap over the piles, it settles uniformly. If the pile cap settles 

uniformly, it implies that all the piles have the same settlement. 

(Refer Slide Time: 08:06) 

 

The total load coming on to the pile group will be divided in the following way as there are 4 

piles in group A, 4 piles in group B and 1 pile in group C. There are 4 unknowns in total: PA, PB, 

PC and the settlement of the pile cap, ρ. 
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By solving these equations, the ρ value can be determined. But the problem is to get the ρ, the 

value of ρ1 should be known. Suppose if a pile load test is done the ρ1 value can be obtained 

from the data of that test. Suppose for a particular load x is the settlement, then the value of ρ1 

will be: x divided by that load. So ρ1 is the settlement of the pile under unit load. 

 

For example, from a pile load test it is known that the pile undergoes 1 mm settlement under 125 

kN load. Then the ρ1 value will be mm/kN
125

1
. If the equations are solved by using this value of 

ρ1, the obtained values will be: PA = 156 kN, PB = 112 kN, PC = 53 kN and the settlement of the 

pile cap (in this case, uniform settlement for all piles) will be ρ = ρA = ρB = ρC = ρD = 4 mm. 

Here, the ρ1 value is considered arbitrarily. 

 



Consider that the pile cap is flexible in case 2. For a flexible pile cap the settlement will be 

different at different places of the cap, but the loading will be same throughout its area. So in that 

case PA = PB = PC = 
9

1125
 i.e., all the piles will take the same amount of load. So, this value is 

125 kN which is the load carried by a single pile. 

 

For a flexible pile cap, if PA, PB and PC are known along with ρ1, from the 1, 2, 3 equations we 

get: ρA = 3.41 mm, ρB = 4.1 mm and ρC = 4.36 mm. If these values are observed properly, it can 

be seen that the value of ρB is almost equal to the average of ρA and ρC. Also that ρB and ρ are 

almost equal. The conclusion is that in a pile group, for a flexible pile cap consideration, the 

settlement of the piles which are neither corner piles nor the centre piles will be almost equal to 

the settlement of a rigid pile cap.  

 

It was mentioned that the ρ1 value is obtained from the pile load test. But, even if the test data is 

not available, ρ1 can be calculated by elastic analysis also. 
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To determine the settlement of a floating single pile, the factor I should be calculated first: 

RRRII kh  

Let us use this formula for the present problem. In the current problem, the pile is very rigid and 

so the correction for pile compression, Rk is not required. The soil has a Poisson’s ratio of 0.5 



and hence Rμ is not required. It was also mentioned in the problem that the soil layer depth is 

infinite and hence the correction for finite depth, Rh is also not required. So, the above 

expression reduces to: II   

 

The value of Io can be read from the chart which depends upon L/d, μ, k and db/d. In this case, μs 

= 0.5, L/d = 50, k = 1000 and db/d = 1. 

(Refer Slide Time: 16:01) 

 

For an incompressible floating pile, with all the above mentioned values, Io will be 0.043 from 

the above chart. Now if there are different values of μ or different conditions of the pile or soil, 

these corrections should be applied to Io. 
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But here the corrections are not required and so the Io value is 0.043. 
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Once the I value is determined, use it in the expression for single pile settlement: 
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So, the value of ρ1 is 0.69 mm under a load of 125 kN. By substituting this ρ1 in the equations 

developed in the problem for the flexible pile cap case, we get: ρA = 2.2 mm, ρB = 2.8 mm and ρC 

= 3 mm. 

 

Similarly the settlement in case of a rigid pile cap can also be found out and that is, ρ = 2.76 mm. 

Rs is a factor defined by: 
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If the Rs value is to be determined for the rigid pile cap case where the ρ1 is taken as 1 mm per 

125 kN load: 

4
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The definition of Rs is the average group settlement divided by the settlement of the single pile at 

same average load as a pile in group. 

 



Here, as all the piles have the same settlement of 4 mm, the average settlement will also be 4 

mm. Each pile is taking an average load of 125 kN and is undergoing a settlement of 1 mm. So, 

the settlement of a single pile at the same average load as a pile in a group is 1 mm. If the 

average load of a pile in a group is not the same as the single pile load, then the Rs value will be 

different. This is because the Rs value should be converted here such that the average load 

carried by a pile in group will be the same as the single pile load. 

(Refer Slide Time: 22:02) 

 

For a rigid pile cap on floating piles, the Rs value depending upon the L/d ratio, s/d ratio, k value 

and number of piles can be read from the above chart. A value of 4 for the number of piles refers 

to a 2 × 2 pile group and 9 piles refer to a 3 × 3 pile group. 

  

Let us check the Rs value obtained from the calculations for the given problem agrees with the 

value given in the chart. For the case given in the problem, L/d ratio was 50, s/d was 1/0.3 = 

3.33, k value was 1000. For these values and a number of piles of 9, the Rs value is 4.52 for an 

s/d ratio of 2 and is 3.51 for an s/d ratio of 5. By interpolation, the value for an s/d ratio of 3.33 

would be 3.96 which is almost equal to 4. 

 

So these values can be directly taken, but it should be remembered that these values are 

calculated for μ = 0.5, and an infinite depth of the layer along with a uniform d value. But this Rs 

value will be different if the soil conditions change. 
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The above chart is to determine the Rs value for an end bearing pile group resting on a rigid 

stratum. This condition was discussed as the second case out of the three in the last class. 

(Refer Slide Time: 25:38) 

 

If the Rs value is directly picked for any problem, then for different conditions it should be 

checked whether corrections should be applied or not. If a floating pile rests in a soil layer with 

finite depth, the finite layer correction should be applied which can be read from the left side 

chart in the above slide. 

 



If an end bearing pile rests on a compressible stratum, the correction for compressibility of the 

bearing strata should be applied. The chart for this is shown on the right in the slide above. 
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As it can be seen, all the charts discussed so far in regard to Rs value and its corrections were 

developed for a Poisson’s ratio of 0.5. But if the soil has a Poisson’s ratio less than 0.5, the above 

correction should be used for the Rs value when Rs is read from the charts. 

(Refer Slide Time: 27:56) 

 

Till now, the settlement of a pile group either in homogeneous soil or resting on a hard stratum 

was discussed. But what if there are multiple layers within the pile depth and its influence zone? 

So the expression for settlement of a single pile in layered soil is given by: 
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The first term is ρo which is the settlement of a pile in a layer of depth h = h1, (h1 > L). So, it is 

nothing but the settlement calculated by single layer theory (as discussed earlier) of a pile of 

length, L that is resting in a soil layer of depth more than L. In the second part of the expression, 

the ratio Im/Esm refers to the settlement of the single first layer and the other part (under 

summation) refers to the settlement of all the other (lower) layers. 

 

Ij is the displacement influence factor on the pile axis at the top level of the j
th

 layer. If the 

settlement for layer 2 should be calculated, Ij will be at the top of the second layer and Ij+1 will be 

at the top of the 3
rd

 layer. 
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Esj is the elastic modulus of the j
th

 layer soil ok and similarly, Im is the m
th

 layer or last layer 

influence factor. The first layer is not considered in the summation because it is already taken 

into account with the ρo term. 
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If there is a pile group resting in a layered soil, then the settlement calculation will be discussed 

now. If there is a pile group in a square formation as shown in the figure above, the side of it 

should be determined first. Then, the entire group should be converted into an equivalent single 

pile with diameter large enough to be equivalent to the group. This equivalent pile may be called 

as a pier because of its large diameter. The equivalent diameter of the pier is shown in blue in the 

above figure. 



There are two approaches to convert this group to a pier: equivalent length approach and 

equivalent diameter approach. If the equivalent diameter approach is to be followed, then 

depending upon the s/d ratio, L/d ratio and k value, the equivalent diameter can be read from the 

chart to the left in the above slide. 

 

If the equivalent length concept is to be used, then depending upon the L/d and s/d ratios, the 

equivalent length of the pier can be obtained from the chart on right side. Once the group is 

converted to an equivalent single pier, the expression for single pile settlement in multi layer can 

be used to calculate the settlement of the group. 

(Refer Slide Time: 34:54) 

 

In the next class, I will solve an example problem for pile in layered soil by determining the ρ 

value and influence factor value. I will explain in the next class how to use the above chart and 

how to solve using the equivalent diameter and equivalent length concept. Thank you. 


