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Problem 1: Estimate the settlement of the raft (or mat) foundation for the “City Bank Building“. Given data are as follows: 

𝑞𝑜= 134 kPa 

 B X L = 33.5 X 39.5m, 

 measured AH = about 18 mm 

 Soil is layered clays with one sand seam from ground surface to sandstone bedrock at - 14 m; mat at - 3 m. 

 𝐸𝑠 from 3 to 6 m = 42.5 MPa 

 𝐸𝑠 from 6 to 14 m = 60 MPa 

 𝐸𝑠 for sandstone > 500 MPa

Solution. 

For clay, estimate 𝜇 = 0.35 (Table: 2-7). 

Compute 𝐸𝑠.𝑎𝑣𝑒𝑟𝑎𝑔𝑒= 
3 x 42.5 + 8 x 60

3+8
= 55 Mpa

From base to sandstone H = 14- 3 = 11m. 𝐵′ =
𝐵

2
=

33.5

2
=16.75

B' = 
33.5

2
= 16.75 m (for center of mat) 

M=
𝐿

𝐵
 = 

39.5

33.5
= 1.0

𝐻

𝐵′ =
11

16.75
 = 0.66 (use 0.7)

Interpolating in Table 5-2, we obtain 𝐼1 = 0.0815; 𝐼2 = 0.086: 

 𝐼𝑠= 𝐼1 + 
1 −2𝜇

1− 𝜇
𝐼2 = 0.0815 + 

1 −2𝑥0.35

1−0.35
 0.086=0.121

𝐿

𝐵
 = 

39.5

33.5
= 1.0, 𝜇 =0.35 and 

𝐷

𝐵
 =

3

33.5
 = 0.089=0.1 from figure 5-7, 𝐼𝐹 =0.95



With four contributing corners m = 4.

 ∆H = 𝑞0𝐵′ 1 − 𝜇2

𝐸𝑠
𝑚 𝐼𝑠𝐼𝐹 = 134(16.75) 

1 − 0.352

55𝑥1000
(4 )( 0.121)(0.95)(1000) = 16.5 mm 

 (The factor 1000 converts MPa to kPa and m to mm).







Problem 2: The geotechnical consultant on a foundation project has obtained the soil data and profile as shown on the 

following Figure. A best average of N values gave 𝑁70
′  = 20. Column loads including dead and live loads are estimated in 

the range of 450 to 900 kN.

Required: Recommend 𝑞𝑎 for this project so that ∆H is limited to not over 25 mm.

Solution. 

Step-l:  

Convert 𝑁70 𝑡𝑜 𝑁55, giving 𝑁55 = 20(
70

55
) = 25.45. Use 𝑁55 = 25. 

 𝑞𝑎= (
𝑁55

0.08
) (

𝐵+0.3

𝐵
) (1 + 0.33

𝐷

𝐵
) but  (1 + 0.33

𝐷

𝐵
)≤ 1.33

8m

Rock

𝑁70
′ = 24

Medium dense sand8𝑚

1.5m

P= 400 to 900 kN

B



Solution:

 

The actual soil pressure q for the given range of column loads and for B = 1.5 m is from

 q= 
𝑃

𝐴
 =

450

1.5𝑥1.5
 = 200 kPa to q= 

𝑃

𝐴
 =

900

1.5𝑥1.5
= 400 kPa.

Both of these soil pressures are much less than 𝑞𝑎 in the foregoing table. 

Tentatively recommend 𝑞𝑎 = 250 kPa. 

Maximum allowable soil pressure, as an approximate average of the three table values, is about 500 kPa (actual average = 
650+515+440

3
 = 535) with a maximum settlement ∆H ~ 25 mm.

Step 2. Check settlement for 𝑞𝑎 = 250 kPa.

 𝐵2 𝑞𝑎= 𝑃𝑎𝑣  𝑃𝑎𝑣= 
450+900

2
= 675 kPa

 𝐵2=
𝑃𝑎𝑣

𝑞𝑎
= 

675

250
 =2.7

 B= √(2.7)= 1.6m

B (m) 1 + 0.33 
𝐷

𝐵
𝑞𝑎, kPa (rounded)

1.2 1.33 650 (probably no B< 1.5)

2.0 1.25 515

3.0 1.17 440



For B x L = 1.6 X 1.6m,  M=
𝐿

𝐵
 = 

1.6

1.6
 =1.0 N=

𝐻

𝐵′  𝐵′ =
𝐵

2 
=

1.6

2
= 0.8 H=8m 

 N=
8

0.8 
=10

Table 5-2  𝑰𝟏=0.498   𝐼2=0.016

Table 2-7: Commonly used for sand, 𝜇=0.3

 

 𝐼𝑠= 𝑰𝟏 + 
1 −2𝜇

1 −𝜇
𝐼2= 0.498 + 

1 −2𝑥0.3

1 −0,3
0.016= 0.507

Figure 5-7: 
𝐷

𝐵
=

1.5

1.6
=0.9

𝐿

𝐵
 = 

1.6

1.6
 =1.0 and 𝜇=0.3  𝐼𝐹=0.65

From Table 5-6 we estimate 𝐸𝑠 for a normally consolidated sand as 

 𝐸𝑠= 500(N + 15) = 500(25 + 15) = 20000 kPa (Note: use of 𝑁55) 

 Using 𝐸𝑠= 2600 N = 2600(25) = 65000 kPa (also 𝑁55) 

 Using 𝐸𝑠= 7000 √N, = 7000 W = 7000 √25 = 35000 kPa 

From Table 2-8 the value of 20 MPa appears reasonable (and conservative). Substituting values into 

With four contributing corners m = 4.

∆H = 𝑞0𝐵′ 1 − 𝜇2

𝐸𝑠
𝑚 𝐼𝑠𝐼𝐹 = 250(0.8) 

1 − 0.302

20𝑥1000
(4 )( 0.507)(0.65)(1000) = 12 mm (for 𝑞𝑎=250 kPa and 𝐸𝑠=20000 kPa)

 (The factor 1000 converts MPa to kPa and m to mm).



For 𝐸𝑠= 65000 kPa, 

 ∆H = 12(
20

65
)= 3.7 mm

 Here we can also obtain ∆H for maximum 𝑞𝑎=500kPa 

∆H
25

= 
𝑞𝑎.𝑢𝑠𝑒𝑑

𝑞𝑎.𝑚𝑎𝑥
 

  ∆H= 25(
250

500
) = 12.5mm

 

It would appear that in the range of B = 1.5 to 2.5 m the settlements will be well under 25 mm and differential settlements 

(difference in settlements between adjacent footings of different size) will be acceptable. 

An ‘averaged’ 𝐸𝑠 could have been used but was not needed as the minimum value gives acceptable AH and great 

computational refinement is not needed at this preliminary stage of design. 

Recommend: 𝑞𝑎= 250 kPa 

  ∆H = under 25 mm 







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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