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9.1 Normal and Shear Stresses on a Plane

• Construction of a foundation – net 
stress increase

• the principles of estimation of vertical 
stress increases in soil caused by 
various types of loading, based on the 
theory of elasticity

• Normal stress - 𝜎𝑛

• Shear stress - 𝜏𝑛

• 𝐸𝐵 = 𝐸𝐹𝑐𝑜𝑠𝜃

• 𝐹𝐵 = 𝐸𝐹𝑠𝑖𝑛𝜃
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9.1 Normal and Shear Stresses on a Plane

• Major principal stress:

• 𝜎𝑛 = 𝜎1 =
𝜎𝑦+𝜎𝑥

2
+

𝜎𝑦−𝜎𝑥

2

2
+ 𝜏𝑥𝑦

2

• Minor principal stress:

• 𝜎𝑛 = 𝜎3 =
𝜎𝑦+𝜎𝑥
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9.1 Normal and Shear Stresses on a Plane

• the pole method, or the method of origin of planes

1. Draw a line from a known point on the Mohr’s 
circle parallel to the plane on which the state of 
stress acts.

2. The point of intersection of this line with the 
Mohr’s circle is called the pole

3. If we need to find the stresses on a plane EF, we 
draw a line from the pole parallel to EF

4. The point of intersection of this line with the 
Mohr’s circle is Q. The coordinates of Q give the 
stresses on the plane EF.



9.2 Stresses Caused by a Point Load

• Boussinesq (1883)

• Assumption : a homogeneous, elastic, and 
isotropic medium
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9.3 Vertical Stress Caused by a Vertical Line Load
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9.3 Vertical Stress Caused by a Horizontal Line Load



9.4 Vertical Stress Caused by a Vertical Strip Load
(Finite Width and Infinite Length) 



9.4 Vertical Stress Due to Embankment Loading



9.4 Vertical Stress Due to Embankment Loading

• ∆𝜎𝑧 = 𝑞0𝐼2
Where 𝐼2 =

𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓
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9.4 Vertical Stress Due to Embankment Loading

• The variation of 𝐼2 with 
𝐵1

𝑧
𝑎𝑛𝑑

𝐵2

𝑧
is shown in the figure (Osterberg, 
1957)



9.5 Vertical Stress Below the Center of a Uniformity
Loaded Circular Area
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9.6 Vertical Stress at Any Point Below a Uniformly
Loaded Circular Area

• ∆𝜎𝑧 = 𝑞(𝐴′ + 𝐵′)
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• The variation of 𝐼3 with m and n is shown in Table 10.8 and Figure 
10.21. 
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• The variation of 𝐼3 with m and n is
shown in Table 10.8 and Figure 10.21.



9.7 Vertical Stress Caused by a Rectangularly Loaded
Area

• The loaded area can be divided into four rectangles as 
shown. 

• ∆𝜎𝑍 = 𝑞 𝐼3 1 + 𝐼3 2 + 𝐼3 3 + 𝐼3 4

Where

𝐼3 1 + 𝐼3 2 + 𝐼3 3 , 𝑎𝑛𝑑 𝐼3 4 =
𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝐼3 𝑓𝑜𝑟 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒𝑠 1,2, 3 𝑎𝑛𝑑 4, 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦

• ∆𝜎𝑧 = 𝑞𝐼4
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9.8 Stress Isobars



9.9 Influence Chart for Vertical Pressure



9.9 Influence Chart for Vertical Pressure

Influence chart
1. Draw concentric circles. The radii of the

circles are equal to the R/z values
corresponding to Δp/q=0,0.1,0.2,…,1.
(Note : For Δp/q=0, R/z=0. and for
Δp/q=1, R/z=∞, so there are nine circles
shown.)

2. The unit length for plotting the circles is 
𝐴𝐵

3. The circles are divided by several
equally spaced radial lines.

4. The influence value of the chart is given
by 1/N, where N is equal to the number
of elements in the chart. In Figure 10.27
there are 200 element; hence, the
influence value is 0.005.



9.9 Influence Chart for Vertical Pressure

• The procedure for obtaining vertical pressure at any point below a loaded are is as 
follows :

1. Determine the depth z below the uniformly loaded area at which the stress increase is 
required.

2. Plot the plan of the loaded area with a scale of z equal to the unit length of the chart (𝐴𝐵)

3. Place the plan (plotted in Step2) 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.

4. Count the number of element (M) of the chart enclosed by the plan of the loaded area.



Summary & Essensial points

1. Determining vertical stress at a point due to the application of
various types of loading on the surface of a soil mass.

2. The equations and graphs presented in this chapter are based
entirely on theory of elasticity.

3. However, the limitations of these theories must be acknowledged.
This is because soil deposits, in general, are not homogeneous,
perfectly elastic and isotropic

4. The expected difference between the theoretical estimation and
actual field value is ±25 to 30%.


