...And the examples!, Part 1 

Problem Statements:

1) For the retaining wall shown in the picture, suppose the wall displaces enough so the active state is developed. Calculate the active force of Rankine per length of the wall and the position of the resultant line of action. [ENGLISH UNITS]
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2) For the retaining wall shown in the picture, suppose the wall displaces enough so the active state is developed. Calculate the active force of Rankine per length of the wall and the position of the resultant line of action. [ENGLISH UNITS]

Soil Data:
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3) For the retaining wall shown in the picture, suppose the wall displaces enough so the active state is developed. Calculate the active force of Rankine per length of the wall and the position of the resultant line of action. [METRIC UNITS]

Soil Data:
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... And the examples, Part 2
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We will assume the retaining wall is prismatic (constant cross section), and therefore will only analyze a foot of it.

We start by calculating the effective vertical pressure.





At the top:




At the bottom:




The figure formed by the vertical effective pressure is a triangular prism. In cross section a triangle as shown on the picture in blue-green color.

Now we calculate the horizontal pressure (active state) according to Rankine equation (7).


(7)

In our case, we don't have a surcharge (w = 0) and c is 0, therefore the equation reduces to:




We proceed to calculate 
(coefficient of active pressure) by using Rankine's equation (8).


(8)




we end up with:




Therefore our equation for the horizontal pressure on this case is:




Now we calculate the horizontal pressure at the top:




and the horizontal pressure at the bottom:




The figure formed by the horizontal pressure is a triangular prism. In cross section a triangle as shown on the picture in magenta color.

Now from our knowledge from Statics we calculate the resultant of the horizontal pressure triangle:







or




Now we need to calculate the position of our resultant (from the bottom), which from Statics is:


.

Solution:




...And the examples!, Part 3
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We will assume the retaining wall is prismatic (constant cross section), and therefore will only analyze a foot of it.

We start by calculating the effective vertical pressure. However, it should be noticed that there will be additional pressure due to water presence.

First we calculate the effective pressure for the dry soil above the water table:




At the top



At the water table




Now we need to use the inmersed specific weight of the soil:







At the bottom:







The figure formed by the vertical effective pressure is a triangular prism coupled with a trapezoidal prism. In cross section, a triangle and a trapezoid as shown on the picture in blue-green color.

Now we need to calculate the hydrostatic pressure. 

Notice that any value of z above the water table will give us 0 hydrostatic pressure, so it's quite obvious where should we start.

At the water table:







At the bottom:




The figure formed by the hydrostatic pressure is a triangular prism. In cross section a triangle as shown on the picture in cyan color.

Now we calculate the horizontal pressure (active state) according to Rankine equation (7).




In our case, we don't have a surcharge (w = 0) and c is 0, therefore the equation reduces to:




We proceed to calculate 
(coefficient of active pressure) by using Rankine's equation (8).


(8)




we end up with:




Therefore our equation for the horizontal pressure on this case is:




Now we calculate the horizontal pressure at the top:




Now at the water table:




Now at the bottom:




The effects of the Hydrostatic pressure must be acknowledged therefore at the bottom the total horizontal pressure is:







The figure formed by the horizontal pressure is a triangular prism coupled with a trapezoidal prism. In cross section a triangle and a trapezoid as shown on the picture in magenta color.

Now from our knowledge from Statics we calculate the resultant of the horizontal pressure diagram:







Now we need to calculate the position of our resultant (from the bottom), which from Statics is:
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Solution:




Note: Problem #3 is left for the reader to do. HINT: A soil doesn't work in tension, disregard the tension part of the diagram for the resultant's magnitude and position.

1.4 Designing a retaining wall

An engineer must know the basic parameters, specific weight (
), internal friction angle (
), and cohesion (c), of the soil mass retained by the wall and the soil under the slab of the base. The purpose of knowing such values is to obtain the lateral pressure distribution that dictates the appropiate design.

The design process of a retaining wall is divided in two parts. The first one deals with the stability, and the second one with the strength.

This article will only focus on the stability of rigid retaining walls.

Stability of retaining walls

A retaining wall may fail due to overturning with respect to its heel, sliding along its base, fail due to loss of bearing capacity of the soil ("foundation" failure), failure due to shear of the soil at a deeper depth, and excessive settlement of the soil of the foundation.

Dimensioning

The design process of a retaining wall is iterative[image: image60.png]3



. The engineer must assign the dimensions of the wall, and then check for its stability. If the checks for stability fail then the dimensions change, and are checked again. In the case the check for stability is adequate, and then they must be checked for strength (steel, reinforced concrete ...).

The general dimensions for retaining walls have been studied, and usually help out as an initial guide for checking for stability and strength.
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This is the dimension guide for a cantilever retaining wall. There are guides for gravity walls and counterfort walls, too.

D represents the depth; the distance to the base of the slab must be at least 0.6 m (approx 2 feet).

The reason the top of the wall has a dimension of 0.3 m or 12 inches is to allow proper placement of the concrete.

