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Stress in soil & foundation construction

• Construction of a foundation causes changes in the stress, usually a net increase.

• The net stress increase in the soil depends on 

• The load per unit area to which the foundation is subjected.

• The depth below the foundation at which the stress estimation is desired. 

• and other factors.

• It is necessary to estimate the net increase of vertical stress in soil that occurs as a result of the 
construction of a foundation

• This stress increase can be used to calculate settlement under the foundation
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Stress in soil & foundation construction

• Different type of foundation causes different type of loading on the soil 

• Determination of vertical stress increase at a certain depth due to the application of load 
on the surface. The loading type includes:

• Point load

• Line load

• Uniformly distributed vertical strip load

• Linearly increasing vertical loading on a strip

• Embankment type of loading

• Uniformly loaded circular area

• Uniformly loaded rectangular area

• In most cases, soil is considered as homogeneous, elastic, and isotropic medium
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Stresses Caused by a Point Load

• Boussinesq (1883) solved the problem of stresses produced at any point as the 
result of a point load applied on the surface of an infinitely large half-space

• The increase in the normal stresses are:

• Horizontal normal stresses, depend on the Poisson’s ratio of the medium

• Vertical normal stress is independent of Poisson’s ratio.
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Stresses Caused by a Point Load

• Boussinesq (1883) solved the problem of stresses produced at any point as the 
result of a point load applied on the surface of an infinitely large half-space

• The Vertical normal stress can be rewritten as:

• The Influence factor I1 depends only on the location of the point we want to calculate the 
stress at. 

• The term 𝑟/𝑧 is a dimensionless term, which makes it easy to generate a table containing 
the value of I1 with the variation of 𝑟/𝑧
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Stresses Caused by a Point Load

• Boussinesq (1883) solved the problem of stresses produced at any point as the 
result of a point load applied on the surface of an infinitely large half-space

• The Vertical normal stress can be rewritten as:
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Stresses Caused by a Point Load

• Example: Consider a point load P = 5 kN Calculate the vertical stress increase Δ𝜎𝑧 at:

• z = 0, 2 m, 4 m, 6 m, 10 m, and 20 m. 

• x = 0, and 3

• y = 4 m.

# z X Y R r/z I1
Δσz 

(kPa)

1 0.01 0 4 4 400 0 0.0000

2 2 0 4 4 2 0.0085 0.0106

3 4 0 4 4 1 0.0844 0.0264

4 6 0 4 4 0.6667 0.187 0.0260

5 10 0 4 4 0.4 0.3294 0.0165

6 20 0 4 4 0.2 0.4329 0.0054

7 0.01 3 4 5 500 0 0.0000

8 2 3 4 5 2.5 0.00345 0.0043

9 4 3 4 5 1.25 0.0415 0.0130

10 6 3 4 5 0.8333 0.1306 0.0181

11 10 3 4 5 0.5 0.2733 0.0137

12 20 3 4 5 0.25 0.41005 0.0051
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Vertical Stress Caused by a Vertical Line Load

• In this case, the load extends infinitely in Y axis. 

• This is called plane strain conditions (no normal strain in the Y axis) 

• The Vertical stress increase at any point : 

• This equation can be rewritten
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Vertical Stress Caused by a Vertical Line Load

• To makes it easy to generate a table containing the variation of value of left side 
of the equation with the variation of the ratio 𝑥/𝑧
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Vertical Stress Caused by a Vertical Line Load

• Example: 

A Soil medium is subjected to the two line-loads at the ground surface. 

• Determine the increase of the vertical stress at point A and B.

• What is the total stress at point A after loading 
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Vertical Stress Caused by a Vertical Strip Load

• The load is Finite Width and Infinite Length

• The increase in the vertical stress: 

• x ≥
B

2
: the Point not under the foundation directly 

• x <
B

2
: the Point the foundation directly

• These equations also can be re-arranged and generate tables for the 
variation of (Δ𝜎𝑧/𝑞)

Unit??

https://www.ajdesigner.com/phpinterpolation/bilinear_interpolation_equation.php
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Vertical Stress Caused by a Vertical Strip Load

https://www.ajdesigner.com/phpinterpolation/bilinear_interpolation_equation.php
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Vertical Stress Caused by a Vertical Strip Load

• The figure shows a contour plot of the variation in ratio 
(Δ𝜎𝑧/𝑞) at any point with the distance from the foundation

• What can you notice from the plot ?? 
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Vertical Stress Caused by a Vertical Strip Load

• Example: 

Given: B = 4 m and q = 100 kN/m2. For point A, z = 1 m and x = 1 m. 

Determine the vertical stress at A.
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Linearly Increasing Vertical Loading on an Infinite Strip

• The vertical stress increase Δ𝜎𝑧 at a point A(x,z) 
can be given as

• Re-arranging this equation and generate tables 
for the variation of (Δ𝜎𝑧/𝑞)
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Influence charts vertical stress Caused by any uniformly loaded shape

• Instead of dealing with different equations this influence chart was created 

to find the increase in vertical stress due and uniformly loaded area. 

• The Chart is divided into 9 concentric circles and 20 radial lines forming 

influence elements 

• Each square area has an influence value of 0.005

• Step1: Determine the depth z below the uniformly loaded area at which the stress 

increase is required.

• Step 2: Plot the plan of the loaded area with a scale of z equal to the unit length of 

the chart (AB).

• Step 3: Place the plan (plotted in step 2) on the influence chart in such a way that 

the point below which the stress is to be determined is located at the center of the 

chart

• Step 4: Count the number of elements (M) of the chart enclosed by the plan of the 

loaded area.

• Step 5: The increase in the pressure at the point under consideration is given by
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Influence charts vertical stress Caused by any shape

• Example 

The cross section and plan of a column foundation are shown in the Figure.

Find the increase in vertical stress produced by the column footing at point A.
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Influence charts vertical stress Caused by any shape

• Example 

The cross section and plan of a column foundation are shown in the Figure.

Find the increase in vertical stress produced by the column footing at point A.
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Approximate method vertical stress Caused by any shape

• This method Assumes that the load transfers in 2:1 
slope with depth 

• This results in an area with the same shape but with 
increased dimensions 

• The total load on the foundation (Q in kN) is 
uniformly distributed over the new area 

• The stress increase at depth z: 

Δ𝜎𝑧 =
𝑄

𝐵 + 𝑧 𝐿 + 𝑧

STUDENTS-HUB.com

https://students-hub.com


Vertical Stress Caused by a Horizontal Line Load

• Horizontal flexible line load on the surface of a semi-infinite soil mass.

• To makes it easy, we can re-write the equation and generate a table containing 
the variation of value of left side of the equation with the variation of the ratio 
𝑥/𝑧
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Vertical Stress Caused by a Horizontal Line Load

• Example:

An inclined line load with a magnitude of 10 kN/m is shown. Determine the increase of vertical stress at 
point A due to the line load. 
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Vertical Stress Caused by a Horizontal Strip Load

• The vertical stress increase Δ𝜎𝑧 at a point A(x,z) 
can be given as

• Re-arranging this equation and generate tables for the 
variation of (Δ𝜎𝑧/𝑞)
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Vertical Stress Caused by a Horizontal Strip Load

• Example: 

Consider the inclined strip load shown in the figure. Determine the vertical stress Δ𝜎𝑧 at B (x = –2.25 m, z 
= 3 m). Given: width of the strip 5 = m.
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Vertical Stress at Any Point below a Uniformly Loaded Circular Area

• For this two-dimensional loading condition, the vertical stress increase may be expressed as
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Vertical Stress at Any Point below a Uniformly Loaded Circular Area

• For this two-dimensional loading condition, the vertical stress increase may be expressed as
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Vertical Stress Due to Embankment Loading
• For this two-dimensional loading condition the vertical stress increase may be expressed as

• Re-arranging this equation and a contour plot for the variation of influence factor I2
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Vertical Stress Due to Embankment Loading
• Re-arranging this equation and a contour plot for the variation of influence factor I2
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Vertical Stress Due to Embankment Loading
• Example: 

• An embankment is shown in the Figure. Determine the stress increase under the embankment at points A2.
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