counterfort retaining wall design example

Counterfort retaining wall design example is a crucial aspect of civil engineering, particularly when
dealing with the management of soil and water pressures in various construction projects. Retaining walls
are structures designed to hold back soil and prevent erosion, especially in hilly or uneven terrains. Among
the different types of retaining walls, counterfort retaining walls are particularly effective for high walls
and large earth pressures. This article will delve into the design process of a counterfort retaining wall,
including its components, design considerations, calculation methods, and a detailed example to illustrate the

principles involved.

What is a Counterfort Retaining Wall?

A counterfort retaining wall is a type of gravity wall that incorporates additional structural elements called
counterforts. These counterforts are vertical reinforcements that extend from the wall face into the backfill,
helping to resist lateral earth pressures. They are particularly useful when the height of the wall exceeds 4

to 5 meters, as they provide additional stability without significantly increasing the wall's mass.

Components of a Counterfort Retaining Wall

The main components of a counterfort retaining wall include:

1. Wall Stem: The vertical portion of the wall that retains the soil.

2. Base Slab: The horizontal foundation that supports the wall stem and counterforts.

3. Counterforts: Vertical elements connected to the wall stem that provide additional support and stability.
4. Heel: The portion of the base slab that extends behind the wall, providing additional stability against
sliding.

5. Toe: The portion of the base slab that extends in front of the wall, which helps resist overturning
moments.

6. Drainage System: A crucial element to prevent water accumulation behind the wall, which can lead to

increased pressure and potential failure.

Design Considerations

When designing a counterfort retaining wall, several factors must be considered:

1. Soil Type and Properties: Understanding the characteristics of the soil, including cohesion, angle of



internal friction, and unit weight, is essential for accurate calculations.

2. Height of the Wall: The height influences the design, as taller walls encounter greater lateral earth
pressures.

3. Water Table Level: The presence of groundwater can significantly affect the wall's stability and should
be accounted for in the design.

4. Loading Conditions: Additional loads from structures or vehicles above the wall must be considered.

5. Material Selection: The choice of materials (e.g., concrete, masonry) impacts the wall's strength and
durability.

6. Environmental Factors: Assessing the effects of climate and potential erosion is critical for long-term

performance.

Calculation Methods

The design of a counterfort retaining wall involves several key calculations, including:

1. Lateral Earth Pressure Calculation: Using Rankine's or Coulomb's theory to determine the active and
passive earth pressures acting on the wall.

2. Stability Checks:

- Sliding: Ensure that the wall's weight and friction are sufficient to counteract lateral forces.

- Overturning: Check that the moments about the toe do not exceed the resisting moments.

- Bearing Capacity: Confirm that the soil under the base slab can support the wall's loads without excessive

settlement.
3. Counterfort Design:
- The counterforts should be designed to resist bending and shear forces resulting from lateral earth

pressures.

- Reinforcement detailing must meet design codes and standards.

Design Example of a Counterfort Retaining Wall

To illustrate the design process, let's consider a practical example of a counterfort retaining wall.

Problem Statement: Design a counterfort retaining wall to retain a soil height of 6 meters. The backfill soil
has a unit weight of 18 kN/m? and an angle of internal friction of 30 degrees. The water table is at the
ground surface, and the wall is to be constructed with reinforced concrete. Assume no surcharge loads.

Step 1: Calculate Lateral Earth Pressure

Using Rankine's theory, the active earth pressure (P_a) can be calculated as follows:



\[
P_a = \frac{1}{2} \gamma H"2 \cdot K_a

\]

Where:
- \( \gamma \) = unit weight of soil (18 kN/m?)
-\( H\) = height of the wall (6 m)

- \( K_a\) = active earth pressure coefficient, calculated as:

\
K_a = \tan"2\left(45"\circ - \frac{\phi}{2}\right)
\

Substituting \(\phi = 30"\circ\):

\
K_a = \tan"2(45"\circ - 15"\circ) = \tan"2(30"\circ) = \frac{1}{3}
\]

Now substituting values into the earth pressure formula:

\[
P_a = \frac{1}{2} \cdot 18 \cdot 6"2 \cdot \frac{1}{3} = 108 \text{ kN/m}"2
\]

Step 2: Total Horizontal Force on the Wall

The total horizontal force (H) acting on the wall can be calculated by integrating the pressure over the

height of the wall:

\

H = \frac{1}{2} P_a \cdot H = \frac{1}{2} \cdot 108 \cdot 6 = 324 \text{ kN}
\

Step 3: Stability Checks

1. Sliding Stability: The resisting force due to friction (F_r) is given by:

\[
Fr=\muW

\

Where:



-\(\mu \) = friction coefficient (assumed to be 0.5 for concrete)

-\( W\) = weight of the wall (assumed to be 200 kN)

\[

F_r = 0.5 \cdot 200 = 100 \text{ kN}

\

Since \( H = 324 \text{ kN} \), sliding stability is not satisfied.

2. Overturning Stability: Calculate the resisting moment about the toe:

\
M_r = W \cdot \left(\frac{L}{2} - d\right)

\

Where \( L) is the length of the wall (assumed to be 3 m) and \( d \) is the distance from the toe to the

center of mass of the wall (assumed as 1 m).

\
M_r =200 \cdot (1.5 - 1) = 100 \text{ kNm}

\]

The overturning moment (M_o) due to lateral force is:

\

M_o = H \cdot \frac{H}{3}

\

\

M_o = 324 \cdot 2 = 648 \text{ kNm}

\

Since \( M_r < M_o \), the wall is not stable against overturning.

Step 4: Counterfort Design

Reassess and redesign the wall dimensions, counterfort spacing, and additional mass to ensure that both

sliding and overturning stability checks are satisfied.
Conclusion

The design of a counterfort retaining wall involves a series of calculations and considerations, including

lateral earth pressures, sliding, and overturning stability. This example illustrates the importance of



thorough analysis and design adjustments to ensure structural integrity. Counterfort retaining walls are
vital in civil engineering projects, particularly in challenging terrains, and understanding their design

process is essential for effective soil management and construction safety.

Frequently Asked Questions

What is a counterfort retaining wall and how does it function?

A counterfort retaining wall is a type of reinforced concrete wall that includes vertical supports called
counterforts, which are spaced at intervals along the wall. These counterforts connect the wall to the base

slab, providing additional stability against lateral earth pressures and reducing bending moments.

What are the main advantages of using a counterfort retaining wall in

construction?

The main advantages of counterfort retaining walls include their ability to handle high lateral loads,
reduced wall thickness compared to traditional retaining walls, and efficient use of materials. They are

especially useful in situations where the height of the wall is significant.

‘What factors should be considered when designing a counterfort

retaining wall?

Key factors include the height and type of soil behind the wall, anticipated lateral earth pressures, drainage
requirements, surcharge loads, and the overall site conditions. Proper analysis of these factors ensures the

wall will perform effectively.

How do you calculate the size and spacing of counterforts in a retaining
wall design?

The size and spacing of counterforts depend on the wall height, the type of soil, and the expected lateral
loads. Typically, counterforts are spaced between 4 to 10 feet apart, and their size can be calculated based on

structural analysis, considering moments and shear forces.

‘What materials are commonly used in the construction of counterfort

retaining walls?

Counterfort retaining walls are primarily constructed using reinforced concrete. Other materials such as
steel reinforcements, drainage materials, and backfill soil are also critical in the design and construction

process.



Can you provide a simple example of a counterfort retaining wall design

scenario?

For a counterfort retaining wall designed to retain a 12-foot high earth embankment, with a soil unit
weight of 120 1b/ft’, the design would involve calculating lateral earth pressures using Rankine's theory,
determining the required thickness of the wall, and spacing counterforts every 6 feet. The wall would also

need to incorporate adequate drainage to prevent hydrostatic pressure buildup.
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