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Soil mechanics

Effective and total stresses

References: 

1. Budhu, Muni, D. Soil Mechanics & Foundations. New York; John Wiley & Sons, 

Inc, 2000.

2.  Schroeder, W.L., Dickenson, S.E, Warrington, Don, C. Soils in Construction.  Fifth 

Edition.  Upper Saddle River, New Jersey; Prentice Hall, 2004.

The Effective Stress Principle Stress:

Learning objectives:  

1. The effective stress Principle

2. Differences of Effective and Total stress.

- Soil engineering properties and behavior are strongly influenced by stresses and stress 

history.  For this reason, it is very important to understand the principles on which stress 

determinations are based, and how to make fundamental stress calculations.

- To demonstrate this concept; review the below example; also sometimes it is best to think 

of the stress as “vertical stress” – so it highlights the difference from lateral pressure.

Volume (V) = Area (A) x height (h); 

The weight of the block = density x volume = (γ x A x h)

The total Vertical stress at the bottom = weight / area =  (γ x A x h) / A = γ x h

When water is present the effective vertical stress is less due to buoyancy.  

h

The density of the block = γ (lbs/cf)

h

The effective vertical stress at the bottom = (γ – γw) x h

- This concept can be felt in the pool everyday.  Just think back to trying to pick 

someone off the ground with no water, then picking the same person up in the pool.  

Much easier in the pool, right?
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Soil mechanics

Effective and total stresses

The stress has two components.  The stress due to pore pressure (u) ; 

u = h  γw   γw = density of water (62.4 lb/cf); h = depth (ft)

Stress due to the weight of the rectangle; σ = h  γw

The principle effective stress is 

σ’ = σ – u  

The principle of effective stress is the most important principle in soil 

mechanics.  Deformations of soils are a function of effective stresses not total 

stresses.  The principle of effective stresses applies only to normal stresses 

and not shear stresses.

Total stress (σ) is equal to the sum of effective stress (σ’) and pore water 

pressure (u) or, alternatively, effective stress is equal to total stress minus 

pore water pressure.

Now assume the block is sand, what if the ground water level is at a depth hw below the 

ground level,

σ = γ hw + γSAT ( h – hw)  

The pore pressure is u = γw( h – hw) 

So the effective stress is; 

σ’ = σ – u = γ hw + γSAT(h – hw)  - γw( h– hw) 

hw

hγSAT

γ



www.learncivilengineering.com 3

Example:

Find the effective stress at point A (no water present).

A
γ = 123 lbs/cf

7 ft

Solution: 

The effective vertical stress at point A = 123 lbs/cf x 7 ft = 861 lbs/sf

- since no water total effective stress is the same as total effective.

Example:

Find the effective stress at point A, the groundwater is 2 ft below the surface. .

A
γ = 123 lbs/cf

7 ft

2 ft

Solution: 

The total vertical stress at point A = 123 lbs/cf x 7 ft = 861 lbs/sf

The pore pressure is = u = γw( h – hw) = 62.4 lbs/cf ( 7ft –2 ft) = 312 lbs/sf

The effective vertical stress = Total vertical stress – pore pressure

σ’ = σ – u = 861 lbs/sf – 312 lbs/sf = 549 lbs / sf 


