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There are two types of lateral stresses in soil. 

Geostatic Stress

Added Stress

Due to the 

weight of the 

house

Total Stress

Effective Stress

Pore Water Pressure



Geostatic Stresses

Total Stress

Effective Stress

Pore Water Pressure

Total Stress= Effective Stress+ Pore Water Pressure

stotal = seff + u

Bossinisque Equations
1.Point Load

2.Line Load

3.Strip Load

4.Triangular Load 

5.Circular Load

6.Rectangular Load

Added Stresses (Point, line, strip, triangular, circular, rectangular)

Stress Distribution in Soils

Influence Charts Newmark Charts
Stress Bulbs

Westergaard’s Method
(For Pavement)

Approximate Method

1:2 Method
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Point Load Line Load Strip Load

Triangular Load Circular Load Rectangular Load

Types of Loads

wall ∞
∞

∞

x
x

x

x
x x

Z

Z
Z

Z

Z
Z







See page 17

See page 17







σz

σx

σz

σx

τxy

σ2

σ1

σ1

σ2

X/R

Z/R

0.95

1

2

3

4

1 2 3
0

0.90

0.80

0.70

0.30

0.50

0.40

0.10

0.20

0.15

qs

Δσ1/qs

0.60

σz

σx

σz

σx

τxy

Circular Load: (Major Principal Stress)/(Surface Stress)
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Geostatic Stresses

&

Stress Distribution in Soils

Stresses 

from the 

house

Self-weight 

of the soil

Or

Geostatic 

Stress

2:1   Approximate Method
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Study Guide for 
Homework # 2

Stress distribution in Soil Layers
Due to Geostatic Stresses and Added Loads
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Strip
Load

Triangular 
Load -1

Triangular 
Load -2

Example:
 𝜎𝑑 = 𝐻1 ∙ 𝛾𝑑1 + 𝐻2 ∙ 𝛾𝑠𝑎𝑡2 − 𝛾𝑤 + 𝐻3 . 𝛾𝑠𝑎𝑡3 − 𝛾𝑤

𝑢𝑑 = 𝐻2 + 𝐻3 .𝛾𝑤
𝜎𝑑 =  𝜎𝑐 + 𝑢𝑐



Stress Distribution in Soil Layers Due to Geoststic Stress & Added Loads

P = Added Stress
(Building)

Building

1. Before we start the 
construction of the building
(Figure 1), the geostatic 

stress at point A is 

𝜎𝑣 = 30 𝑥 115 = 3,450 
𝑙𝑏

𝑓𝑡2

Before Construction 
and before adding the 

load of the building

After the addition 0f 
the building load

1 2

Z = 30’

𝛾𝑠𝑜𝑖𝑙 = 115
𝑙𝑏

𝑓𝑡3

G.S.

𝜎𝑣
Vertical geoststic 

stress (𝜎𝑣)
= 

Selfweight of the 
column of soil at 

point A
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𝛾𝑠𝑜𝑖𝑙𝑍

A

Note:

 We used the weight of the 
soil particles only  (i.e. the 
effective vertical stress)

 See Figure 6 (page 7) for 
other vertical geoststic 
stresses 

Figure 1 Figure 2

Let us consider a project where a high rise building will be constructed at a site

Project Site
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Center line
of the load



P = Added Stress
(Building)

Building

Before Construction 
and before adding the 

load of the building

After the addition 0f 
the building load
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𝛾𝑠𝑜𝑖𝑙 = 115
𝑙𝑏

𝑓𝑡3
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Vertical geoststic 

stress (𝜎𝑣)
= 

Selfweight of the 
column of soil at 

point A
C

o
lu

m
n
 o

f 
S

o
il

 

A

Figure 1 Figure 2

Project Site

2. After construction, the vertical stress at point A due to the addition of the 
building load can be determined using Boussinesq's Equations.
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A

∆𝜎𝑝

Z = 30’

Z

∆𝜎𝑃 = Change in the 
vertical stress due to 

added stress P,
according to Bussinesq’s
equations

∆σP

at depth Z
Use Boussinesq's

Equation

There are equations for each type of 
load.  These loads are:

1. Point Load (See Figure 3) 

2. Line Load

3. Strip Load (See Figure 4)

4. Triangular Load (See Figure 5)

5. Circular Load

6. Rectangular Load



A

∆𝝈𝒗
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∆𝜎𝑣= Change in the 
vertical stress
with depth Z

Z

Z

Boussinesq's Equations.

1- Point Load

x

z R= 𝑧2 + 𝑥2

P

B

𝐕𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐒𝐭𝐫𝐞𝐬𝐬 = ∆𝛔𝐯 =
𝟑𝐏

𝟐𝛑𝟐 𝒛𝟐 𝟏 +
𝐱
𝐳

𝟐 𝟓/𝟐
=

𝐏

𝐳𝟐 𝐈𝐩

At Point A along the center line

𝐕𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐒𝐭𝐫𝐞𝐬𝐬 = ∆𝛔𝐯 =
𝟑𝐏

𝟐𝛑𝟐 𝒛𝟐 =
𝐏

𝐳𝟐 𝐈𝐩

∆𝝈𝒗

Center Line
Center Line

A

∆𝝈𝒗

P

Figure 3
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Boussinesq's Equations.

3- Strip Load of Infinite Length

q

∆𝜎𝑣=
𝑞

𝜋
𝑡𝑎𝑛−1 𝑧

𝑥−𝑏
− 𝑡𝑎𝑛−1 𝑧

𝑥+𝑏
−

2𝑏𝑧 𝑥2−𝑏2−𝑧2

𝑥2−𝑏2+𝑧2 2 + 4 𝑏2 𝑧2

Or

∆𝜎𝑣=
𝑞

𝜋
𝛽 + 𝑠𝑖𝑛𝛽 𝑐𝑜𝑠 𝛽 + 2𝛿 where 𝛿 𝑎𝑛𝑑 𝛽 𝑎𝑟𝑒 𝑎𝑛𝑔𝑙𝑒𝑠

x

Z

x

z
B = 2b

Triangular Load of Infinite Length

∆𝜎𝑣

4- Triangular Load of Infinite Length

∆𝜎𝑣=
𝑞

2𝜋
1 + 𝑐𝑜𝑠2𝛿 −

𝑍

𝑏
𝛼

2b

q

x

Z

R1

R2

a

d

∆𝜎𝑣

Strip Load of Infinite Length

Figure 3

Figure 4
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There are three stresses in acting at 
point A. These are

- Effective Stress =  𝜎𝑣

- Total Stress = 𝜎𝑣

- Pore Water Pressure = u

Where
Total Stress = Effective Stress + PWP

𝜎𝑣=  𝜎𝑣 + 𝑢

OR

 𝜎𝑣= 𝜎𝑣 − 𝑢

Question: 
What is the total stress ( 𝜎𝑣) 
effective stress (  𝜎𝑣)
pore water pressure (𝑢)
at point A

Figure 6 

Z = 30’

𝛾𝑠𝑜𝑖𝑙 = 115
𝑙𝑏

𝑓𝑡3

G.S.

 𝜎𝑣, 𝜎𝑣, 𝑢

A

W.T.dw=12’

Geoststic Stresses
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Solution
effective stress (  𝜎𝑣𝐴)= 12′𝑥 115 + 30 − 12 115 − 62.4 = 2,326.8 𝑝𝑠𝑓
pore water pressure (𝑢𝐴) = (30-12)(62.4) = 1,123.2 psf
total stress ( 𝜎𝑣𝐴) = 30 x 115 = 3,450 psf


