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Geotechnical and Foundation Engineering

Consolidation Soil Settlement 



𝐶𝑐=0.40

𝐶𝑟=0.08

𝑒0=1.10

𝜎𝑐
′=70 kpa

Sample is representative of the entire soft 

clay stratum. 

Compute the ultimate consolidation 

settlement due to the weight of the fill.

A consolidation test on a sample from point 

A produced the following results:
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Problem 1:

A 3.0 m deep compacted fill is to be placed over the soil profile shown in figure 1. A consolidation test on a sample from 
point A produced the following results:

 𝐶𝑐=0.40

 𝐶𝑟=0.08

 𝑒0=1.10

 𝜎𝑐
′=70 kpa

Sample is representative of the entire soft clay stratum. Compute the ultimate consolidation settlement due to the weight of 
the fill.

Solution:

 𝜎𝑓
′= 𝜎𝑧𝑜

′  + 𝛾𝑓𝑖𝑙𝑙ℎ𝑓𝑖𝑙𝑙

      = 𝜎𝑧𝑜
′  + (19.2)(3.0)

      =𝜎𝑧𝑜
′  + 57.6 kPa

Compute the initial vertical stress at sample location:

 

 𝜎𝑧𝑜
′ = σ 𝛾ℎ − 𝑢

       = 18.5(1.5) + 19.5(2.0)+ 16.0(4.0) – 9.81(6.0)= 72.0 kPa

 𝜎𝑐
′=70 kPa

𝐶𝑐

1+ 𝑒0
= 

0.40

1+1.10
 = 0.190

At the sample 𝜎𝑐
′ ≈ 𝜎𝑧𝑜

′  soil is normally consolidated





If the soil at the sample depth is normally consolidated, and the sample is truly representative, then the entire stratum is 

normally consolidated (NC).

Assume the sand also is NC, which is conservative.

For sand strata, Fine to medium sand (SP) and 𝐷𝑟= 40%

Table 11.3 (Coduto), 
𝐶𝑐

1+ 𝑒0
 = 0.008

 𝛿𝑐.𝑢𝑙𝑡= σ
𝐶𝑐

1+ 𝑒0
 H log(

𝜎𝑧𝑓
′

𝜎𝑧0
′ ) (1)

 Result, 𝛿𝑐.𝑢𝑙𝑡= 483mm

Layer H (m) At midpoint of layer Equation 𝛿𝑐.𝑢𝑙𝑡 (mm)

𝜎𝑧0
′  (kPa) 𝜎𝑧𝑓

′ (kPa) 𝐶𝑐

1 +  𝑒0

1 1.5 13.9 71.5 0.008 (1) 8

2 2.0 37.4 95.0 0.008 (1) 6

3 3.0 56.4 114.0 0.19 (1) 174

4 3.0 75.0 132.6 0.19 (1) 141

5 4.0 96.7 154.3 0.19 (1) 154

𝛿𝑐.𝑢𝑙𝑡= 483mm                                



For sand strata, Fine to medium sand (SP) and 𝐷𝑟= 40%

Table 11.3 (Coduto), 
𝐶𝑐

1+ 𝑒0
 = 0.008

 𝛿𝑐.𝑢𝑙𝑡= σ
𝐶𝑐

1+ 𝑒0
 H log(

𝜎𝑧𝑓
′

𝜎𝑧0
′ ) (1)

 

Result, 𝛿𝑐.𝑢𝑙𝑡= mm

Layer H (m) At midpoint of layer Equation 𝛿𝑐.𝑢𝑙𝑡 (mm)

𝜎𝑧0
′  (kPa) 𝜎𝑧𝑓

′ (kPa) 𝐶𝑐

1 +  𝑒0





Problem 2: An 8.5m deep compacted fill is to be placed over the soil profile shown in the following figure. Consolidation 

tests on sample from points A and B produced the following results:

Compute the ultimate consolidation settlement due to the weight of the fill.

Solution:

 𝜎𝑧𝑓
′ = 𝜎𝑧𝑜

′  + 𝛾𝑓𝑖𝑙𝑙ℎ𝑓𝑖𝑙𝑙

      = 𝜎𝑧𝑜
′  + (20.3)(8.5)

      =𝜎𝑧𝑜
′  + 172.6 kPa

Compute the initial vertical stress at sample location:

At sample A: 

 𝜎𝑧𝑜
′ = σ 𝛾ℎ − 𝑢

       = 18.3(2.0) + 19.0(2.0)+ 16.0(4.0) – 9.81(2.0)= 55.0 kPa

 𝜎𝑧𝑓
′ = 𝜎𝑧𝑜

′  + 172.6 kPa

  =55+172.6 =227.6 kPa    𝜎𝑐
′=101 kPa

 𝜎𝑧𝑜
′ < 𝜎𝑐

′ ≤ 𝜎𝑧𝑓
′  Over-consolidated case II

Sample A Sample B

𝐶𝑐 0.25 0.20

𝐶𝑟 0.08 0.06

𝑒0 0.66 0.45

𝜎𝑐
′ 101 kPa 510 kPa





𝛿𝑐.𝑢𝑙𝑡= σ
𝐶𝑟

1+ 𝑒0
 H log(

𝜎𝑐
′

𝜎𝑧0
′ )  +  σ

𝐶𝑐

1+ 𝑒0
 H log(

𝜎𝑧𝑓
′

𝜎𝑐
′ ) --------------------- (1)

At sample B: 

 𝜎𝑧𝑜
′ = σ 𝛾ℎ − 𝑢

       = 18.3(2.0) + 19.0(7.0)+ 19.5(10.0) – 9.81(17.0)= 198.0 kPa

 

 𝜎𝑧𝑓
′ = 𝜎𝑧𝑜

′  + 172.6 kPa

     =198.0+172.6 =370.6 kPa    𝜎𝑐
′=510 kPa

 𝜎𝑧𝑜
′ < 𝜎𝑧𝑓

′ ≤ 𝜎𝑐
′ Over-consolidated case I

 𝛿𝑐.𝑢𝑙𝑡= σ
𝐶𝑟

1+ 𝑒0
 H log(

𝜎𝑧𝑓
′

𝜎𝑧0
′ )   ------------------------- (2)



        𝛿𝑐.𝑢𝑙𝑡 = 830𝑚

Note:

• Most of the compression occurs in upper stratum of Over Consolidated II (some of the compression occurs at virgin 

curve).

• Lower stratum, has much less compression even though it is twice as thick because it is over consolidated case I and all 

of the compression occurs on the recompression curve.

Layer H (m) At midpoint layer 𝐶𝑟

1 + 𝑒0

𝐶𝑐

1 + 𝑒0

Equation 𝛿𝑐.𝑢𝑙𝑡 

(mm)
𝜎𝑧𝑜

′  kPa 𝜎𝑐
′ kPa 𝜎𝑧𝑓

′  kPa

1 2.0 18.3 64.3 190.9 0.05 0.15 1 196

2 3.0 50.4 96.4 223.0 0.05 0.15 1 206

3 4.0 82.6 128.6 255.2 0.05 0.15 1 217

4 4.0 120.4 - 293.0 0.04 0.14 2 62

5 4.0 159.2 - 331.8 0.04 0.14 2 51

6 5.0 202.8 - 375.4 0.04 0.14 2 53

7 5.0 251.4 - 424.0 0.04 0.14 2 45





Problem 3: The GWT in the soil profile shown in the following figure is currently at the elevation labeled ‘initial’. A 

proposed dewatering project will cause it to drop to the elevation labeled as ‘final’. Compute the resulting ultimate 

consolidation settlement.

A consolidation test performed on a sample from point a , produced the following results:

𝐶𝑐

1+ 𝑒0
= 0.14

𝐶𝑟

1+ 𝑒0
=0.06

 𝜎𝑐
′=3000 lb/𝑓𝑡3



Solution:

At Sample A: 

 𝜎𝑧0
′ =σ 𝛾ℎ − 𝑢

       = 121x7 + 125x125 + 125x16 + 127 X 2 + 110x5 -62.4x29 = 2623 lb/𝑓𝑡3

 

 𝜎𝑧0
′ ≈ 𝜎𝑐

′ Soil is normally consolidated.

Layer H (ft) At mid point of layer 𝐶𝑐

1 +  𝑒0

Equation 𝛿𝑐.𝑢𝑙𝑡 (inch)

𝜎𝑧0
′  (lb/𝑓𝑡3) 𝜎𝑧𝑓

′  (lb/𝑓𝑡3)

1 7.0 423 423 0.011 NC 0.0

2 6.0 1035 1210 0.011 NC 0.1

3 9.0 1513 2126 0.09 NC 0.1

4 9.0 2095 3233 0.09 NC 0.2

5 7.0 2552 3837 0.14 NC 2.1

6 8.0 2909 4194 0.14 NC 2.1

𝛿𝑐.𝑢𝑙𝑡= 4.6





Problem 4: After the settlement due to the fill shown in the following figure is completed, a 20m diameter, 10m tall 

cylindrical steel water tank is to be built. The bottom of the tank will be at the top of the fill, and it will have an empty mass 

of 300.000 kg. Ultimately, the water inside will be 9.5m deep. Compute the ultimate consolidation settlement beneath the 

center of the tank due to the weight of the tank and its contents. Assume the new fill is over consolidated with
𝐶𝑟

1+ 𝑒0
.

Note:

• Settlement is now complete.

• 𝜎𝑧𝑓
′ is now 𝜎𝑧0

′

 Solution: 

𝑊𝑡𝑎𝑛𝑘= Mg = 300,000x9.8 (
1 𝑘𝑁

1000𝑁
) =2900 kN

𝑊𝑤𝑎𝑡𝑒𝑟=𝑉𝑡𝑎𝑛𝑘𝛾𝑤= 
1

4
 𝜋𝐵2H 𝛾𝑤= 

1

4
 (3.14x202x9.5 (9.81)= 29,200 kN

 W=𝑊𝑡𝑎𝑛𝑘+𝑊𝑤𝑎𝑡𝑒𝑟= 19200 +2900= 32,100 kN

 A= 
1

4
 𝜋𝐵2= 

1

4
 𝜋202=314 𝑚2

 q = 
𝑊

𝐴
 = 

32100

314
 = 102 kPa

















Soils Settlement:



Soils Settlement:



Soils Settlement:

• SPT is widely used to obtain the bearing capacity of soils directly.

 

• One of the earliest published relationships was that of Terzaghi and Peck 

(1967).

• Meyerhof (1956, 1974) published equations for computing the allowable 

bearing capacity for a 25-mm settlement.

• Considering the accumulation of field observations and the stated opinions 

of the authors and others, this author adjusted the Meyerhof equations 

for an approximate 50 percent increase in allowable bearing capacity to 

obtain the following:

 𝑞𝑎=
𝑁

𝐹1
𝑘𝑑 B≤ 𝐹4   (1)

 𝑞𝑎=
𝑁

𝐹2
 (

𝐵+𝐹3

𝐵
)2𝑘𝑑 B> 𝐹4  (2)



Where, 𝑞𝑎 = allowable bearing pressure for ∆𝐻0= 25-mm or 1-in. settlement, kPa.

 𝒌𝒅=1+ 0.33
𝑫

𝑩
 ≤1.33 (Meyerhof)

F factors as follows(SI Unit):

  𝑁55  𝑁70
′

𝐹1  0.05  0.04

𝐹2  0.08  0.06

𝐹3  0.3  0.06

𝐹4  1.2  0.06

In these equations the allowable soil pressure is for an assumed 25-mm settlement. 

In general the allowable pressure for any settlement ∆𝐻𝑗 is:

   𝒒𝒂
′ =

∆𝑯𝒋

∆𝑯𝟎

Where, ∆𝑯𝟎=25mm  ∆𝑯𝒋 =actual settlement that can be tolerated, in 

   millimeters 



Example: Find 𝑞𝑎 from the diagram from the following data:

 

𝑁70= 24, Footing depth, D=1.0m footing width, B=3.0m

Solution: 

Here, B=3.0 and 𝐹4=1.2 

 since, B> 𝐹4 use 𝑞𝑎= 
𝑁55

𝐹2
 (

𝐵+𝐹3

𝐵
)2𝑘𝑑

 𝐹2=0.08, 𝐹3=0.3

 𝑁55=
70

55
𝑁70=

70

55
𝑥24= 30> 24

 𝒌𝒅=1+ 0.33
𝑫

𝑩
 ≤1.33 

 𝒌𝒅=1+ 0.33
𝟏

𝟑
 = 𝟏. 𝟏𝟏 <1.33



Substituting value in 

Following equation:

 𝑞𝑎=
𝑁55

𝐹2
 (

𝐵+𝐹3

𝐵
)2𝑘𝑑

 =
30

0.08
 (

3.0+0.3

3.0
)21.11

= 503.66 ≈500 kPa



Problem 4-8.

The average 𝑁70
′ Nj0 blow count = 6 in the effective zone for a footing located at D = 

1.6 m (blow count average in range from 1- to 4-m depth).

Required. What is the allowable bearing capacity for a 40-mm settlement? 

Assume B>  𝑭𝟒 where 𝐹4=1.2

 Use equation   𝒒𝒂= 
𝑵𝟓𝟓

𝑭𝟐
 (

𝑩+𝑭𝟑

𝑩
)𝟐𝒌𝒅

 with F2 = 0.08 and F3 = 0.30 

 𝑵𝟓𝟓=
𝟕𝟎

𝟓𝟓
𝑵𝟕𝟎=

70

55
𝑥6= 9> 6

 𝒌𝒅=1+ 0.33
𝑫

𝑩
 ≤1.33 

 



For 25mm settlement

Let B=1.5

  𝒒𝒂= 
𝑵𝟓𝟓

𝑭𝟐
 (

𝑩+𝑭𝟑

𝑩
)𝟐𝒌𝒅  𝒌𝒅=1+ 0.33

𝟏.𝟔

𝟏.𝟓
 =1.352 >1.33 

     use 𝑘𝑑=1.33

 

 𝒒𝒂= 
𝟗

𝟎.𝟎𝟖
 (

𝟏.𝟓+𝟎.𝟑

𝟏.𝟓
)𝟐𝒙𝟏. 𝟑𝟑=215.46 kpa

For B=3.0

  𝒒𝒂= 
𝑵𝟓𝟓

𝑭𝟐
 (

𝑩+𝑭𝟑

𝑩
)𝟐𝒌𝒅  𝒌𝒅=1+ 0.33

𝟏.𝟔

𝟑.𝟎
  =1.176< 1.33 0k

 𝒒𝒂= 
𝑵𝟓𝟓

𝑭𝟐
 (

𝑩+𝑭𝟑

𝑩
)𝟐𝒌𝒅

      =
𝟗

𝟎.𝟎𝟖
 (

𝟑.𝟎+𝟎.𝟑

𝟑
)𝟐1.176=160.083 kpa



Suggested 𝒒𝒂=200 kPa for 25mm settlement

For 40mm settlement 

 

 𝒒𝒂
′ =

∆𝑯𝒋

∆𝑯𝟎
 x 𝒒𝒂= 

𝟒𝟎

𝟐𝟓
x200=320 kpa



Thanks
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