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Counterfort Retaining Wall Design
Example

counterfort retaining wall design example is a comprehensive process that involves
understanding the structural principles, analyzing loads, and designing the wall components to
ensure stability and durability. Counterfort retaining walls are an efficient solution for supporting
large earth pressures, especially in deep excavation scenarios or where space is limited. This article
provides a detailed example of designing a counterfort retaining wall, guiding you through the
essential steps, calculations, and considerations involved in creating a safe and cost-effective
structure.

Understanding the Basics of Counterfort Retaining Walls

What Is a Counterfort Retaining Wall?

A counterfort retaining wall is a type of reinforced concrete wall that includes vertical supports
(called counterforts) placed at regular intervals on the backside of the wall. These counterforts are
designed to reduce bending moments by transferring forces to the soil, making the wall more
efficient for retaining high earth pressures.

Advantages of Counterfort Retaining Walls

Reduced thickness compared to cantilever walls for the same height1.
Enhanced stability due to added reinforcement and counterforts2.
Cost-effective for high retaining heights3.
Structural efficiency in handling large loads and deep foundations4.

Step-by-Step Design Example of a Counterfort Retaining Wall

Design Parameters and Assumptions

For this example, consider the following parameters:

Retaining wall height (H): 6 meters1.
Type of soil: Cohesive soil with an angle of internal friction (ϕ): 20°2.
Unit weight of soil (γ): 18 kN/m³3.
Backfill slope: Vertical4.
Friction angle of the base: 20°5.
Factor of safety against sliding and overturning: 1.56.



Step 1: Calculating Earth Pressure

Using Rankine’s theory for active earth pressure:

Calculate the active earth pressure coefficient (Ka):1.
Ka = tan²(45° - ϕ/2) = tan²(45° - 10°) ≈ 0.373
Determine the active earth pressure at the base (Pa):2.
Pa = 0.5 × γ × H² × Ka
= 0.5 × 18 × 6² × 0.373 ≈ 36.03 kPa
Calculate the total horizontal force (H):3.
H = Pa × H
= 36.03 × 6 ≈ 216.2 kN/m
Determine the point of application of this force, approximately at 1/3rd height from the base.4.

Step 2: Designing the Base and Backfill

- The base width (B) should be sufficient to resist sliding and overturning. - Use the factor of safety
to determine the minimum base width.

Step 3: Designing the Counterforts

Counterforts are placed at regular intervals along the wall, typically at a spacing (s). The design
involves calculating the moments, shear forces, and reinforcement required for the wall and
counterforts.

Step 4: Calculating Bending Moments and Shear Forces

- The maximum bending moment occurs at the heel of the wall. - For a simplified design, assume a
cantilever type to estimate moments: M = (H × h/2) × (distance to centroid of earth pressure) -
Shear force at the base: V = H

Step 5: Reinforcement Detailing

- Reinforcement for the stem, base, and counterforts should be designed based on the calculated
stresses. - Typical reinforcement ratios:

Stem: 0.8% of cross-sectional area1.
Base: designed to resist bending and shear forces2.
Counterforts: reinforced with vertical and horizontal bars, designed for their respective moments3.

Design Calculations for a Typical Counterfort Wall

1. Base Width Calculation

Using the overturning and sliding checks:
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Overturning moment (Mo):1.

Mo = H × (distance to force application) Assuming the earth pressure acts at 1/3rd height: Mo =
216.2 × (H/3) ≈ 216.2 × 2 ≈ 432.4 kNm/m

Resisting moment (Mr):1.

Mr = Resistance provided by the weight of the wall and base: Assuming specific weight of concrete
(24 kN/m³), and base thickness (b): b = to be determined, but initial estimate: Base weight (W): W
= γ_concrete × b × length (assumed 1 m width for calculation) Set W × (b/2) ≥ Mo / factor of
safety. Suppose b = 1.5 m: W = 24 × 1.5 × 1 = 36 kN Resisting moment: Mr = W × (b/2) = 36 ×
(1.5/2) = 36 × 0.75 = 27 kNm This is less than Mo, so increase b accordingly to meet stability
criteria.

2. Reinforcement Design for the Stem and Base

- For the stem, determine the required area of steel (Ast): Using bending stress formula: σ = M / (Z),
where Z is the section modulus. Assuming a rectangular section: Z = (b × d²) / 6 Choose d
(effective depth), say 0.5 m, and b=0.3 m (for the stem): Z = 0.3 × 0.5² / 6 = 0.3 × 0.25 / 6 ≈
0.0125 m³ Design for steel area: Ast = (σ × Z) / (0.87 × fy) Assuming fy = 415 MPa and σ = 150
MPa (allowable): Ast ≈ (150 × 0.0125) / (0.87 × 415) ≈ 1.875 / 361.05 ≈ 0.0052 m² or 52 cm²
Distribute reinforcement accordingly.

Final Design Considerations

Checking Stability and Serviceability

- Ensure the factor of safety against sliding, overturning, and bearing capacity is satisfied. - Check
for cracking and deflection limits.

Construction Details

- Incorporate steel reinforcement for tensile zones. - Provide adequate drainage to prevent water
pressure build-up. - Use proper formwork and curing for concrete elements.

Conclusion

Designing a counterfort retaining wall involves a detailed understanding of soil mechanics,
structural analysis, and reinforced concrete design principles. This example illustrates the key
steps, from calculating earth pressures to designing reinforcement and verifying stability. Proper
planning and adherence to safety factors ensure that the wall performs effectively over its lifespan.
Whether for highway cuttings, basement walls, or landscaping, a well-designed counterfort
retaining wall provides a safe, economical, and durable solution for earth retention challenges. If
you follow these steps and tailor the calculations to your specific project parameters, you will be



able to develop a robust counterfort retaining wall design that meets both safety and functional
requirements.

Counterfort Retaining Wall Design Example: An In-Depth Investigation Retaining walls are vital
structural elements used to stabilize slopes, manage earth pressures, and create level platforms in
various civil engineering applications. Among the different types of retaining walls, counterfort
retaining walls are renowned for their efficiency and structural stability, especially when supporting
high loads or retaining significant heights of earth. This article provides a comprehensive
examination of a counterfort retaining wall design example, elucidating the principles, calculations,
and considerations involved in developing an effective and safe structure.

Understanding Counterfort Retaining Walls

Before delving into the design example, it is essential to understand what a counterfort retaining
wall is, its features, and how it differs from other retaining wall types.

Definition and Structural Components

A counterfort retaining wall is a type of reinforced concrete wall that incorporates vertical, thin
supports known as counterforts or buttresses on the backside of the wall, typically at regular
intervals. These counterforts are connected to the main wall and serve to: - Transfer the lateral
earth pressure to the underlying soil. - Reduce the bending moments and shear forces experienced
by the main wall. - Allow for a thinner, more economical wall design compared to cantilever walls
without counterforts. Main components include: - Stem: The vertical face of the wall that retains the
earth. - Base slab: The horizontal footing providing stability. - Counterforts: Vertical supports
anchored to the stem and extending into the backfill. - Foundation: The base on which the entire
structure rests.

Advantages of Counterfort Retaining Walls

- Reduced material usage due to efficient load transfer. - Suitable for high retaining heights
(typically above 6 meters). - Structural stiffness and stability under heavy loads. - Aesthetic appeal
with potential integration into landscape design.

Key Principles in Designing a Counterfort Retaining Wall

Designing a counterfort wall involves multiple considerations grounded in soil mechanics, structural
analysis, and construction practices.

Load Analysis

The primary load sources include: - Earth pressure: Active, at-rest, or passive earth pressure
depending on boundary conditions. - surcharge loads: Additional loads such as traffic, machinery, or
structures on the backfill. - Water pressure: Hydrostatic or seepage pressures, if groundwater is
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present. - Self-weight: The weight of the wall itself.

Earth Pressure Theories

Design calculations often rely on earth pressure theories like Coulomb or Rankine, which estimate
the magnitude and distribution of lateral earth pressure based on soil properties and wall
movement.

Structural Analysis

The analysis involves: - Calculating bending moments and shear forces at various points. -
Assessing the stability against overturning, sliding, and bearing capacity failure. - Designing
reinforcement to resist these forces.

Material Selection and Reinforcement

- Concrete strength (commonly M20 or higher). - Reinforcement detailing per relevant codes (e.g.,
IS 456:2000). - Design of counterforts to carry the transmitted forces efficiently.

Design Example: Counterfort Retaining Wall for a High
Earthfill

This example considers a counterfort retaining wall supporting a soil height of 8 meters, with
specific soil and loading conditions. The goal is to determine the dimensions, reinforcement, and
stability checks necessary for a safe, economical design.

Project Data and Assumptions

| Parameter | Value | ||| | Height of backfill (H) | 8 m | | Type of soil | Well-graded granular soil | | Soil
unit weight (γ) | 18 kN/m³ | | Internal friction angle (φ) | 30° | | Cohesion (c) | 0 kPa (cohesionless
soil) | | Surcharge load | None | | Water table | Below the base level (dry conditions) | | Safety
factors | As per IS 456:2000 standards |

Step 1: Calculate Earth Pressure

Using Rankine's active earth pressure theory: \[ P_a = \frac{1}{2} \times \gamma \times H^2
\times K_a \] Where: \[ K_a = \tan^2 (45° - \frac{\phi}{2}) \] Calculations: \[ K_a = \tan^2 (45° -
15°) = \tan^2 (30°) = (0.577)^2 = 0.333 \] \[ P_a = 0.5 \times 18 \times 8^2 \times 0.333 = 0.5
\times 18 \times 64 \times 0.333 \] \[ P_a = 0.5 \times 18 \times 64 \times 0.333 \approx 192 \text{
kPa} \] The total active earth pressure acting on the wall can then be obtained by integrating the
pressure over the height, resulting in a triangular pressure distribution.



Step 2: Determine Wall Dimensions

Assuming the main stem thickness at the base, b, is 0.3 m, the counterforts are to be designed to
resist the moments caused by earth pressure. - Main wall thickness (at base): 0.3 m - Counterfort
thickness (at base): 0.3 m - Counterfort spacing: 2 m center-to-center, based on stability and cost
considerations. - Counterfort height: 0.75 × H = 6 m (for stability and reinforcement efficiency).

Step 3: Structural Analysis of Forces and Moments

- Total lateral earth pressure (P_total): \[ P_{total} = \frac{1}{2} \times \gamma \times H^2 \times
K_a = 192 \text{ kPa} \] - Force acting at the centroid of pressure: \[ P_{force} = P_{total} \times
\frac{H}{3} \] \[ P_{force} = 192 \times 8/3 \approx 512 \text{ kN/m} \] - Moment about the toe of
the wall: \[ M = P_{total} \times \frac{H^2}{6} \] \[ M = 192 \times \frac{8^2}{6} = 192 \times
\frac{64}{6} \approx 2048 \text{ kNm/m} \] These forces are distributed to the stem and
counterforts, with the counterforts sharing the load efficiently.

Step 4: Reinforcement Design

Using the bending moment and shear force calculations, reinforcement details are specified: - Main
stem reinforcement: - Tension reinforcement: T12 bars at appropriate spacing. - Shear
reinforcement: T8 stirrups at 150 mm centers. - Counterfort reinforcement: - Designed as cantilever
beams, with reinforcement designed for the transmitted moments and shear forces.

Step 5: Stability Checks

The design must verify: - Overturning stability: Ensure resisting moments exceed overturning
moments by a factor of safety (minimum 1.5). - Sliding stability: Frictional resistance (μ × total
vertical load) must exceed the horizontal earth pressure. - Bearing capacity: The foundation must
support the loads without exceeding soil bearing capacity (e.g., 150 kN/m²).

Final Design Considerations and Recommendations

- Drainage provisions should be incorporated to prevent water pressure buildup behind the wall,
which can significantly increase earth pressures. - Construction quality control is crucial, especially
reinforcement placement and concrete curing. - Regular inspection and maintenance are essential
for long-term stability, especially in the presence of water or load changes. - Economic
considerations: Optimizing counterfort spacing and reinforcement can reduce costs while
maintaining safety.

Conclusion

The detailed counterfort retaining wall design example illustrates the complex interplay of
geotechnical calculations, structural analysis, and material considerations necessary for a safe and
economical structure. By thoroughly analyzing earth pressures, designing appropriate
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reinforcement, and ensuring stability against various failure modes, engineers can develop resilient
retaining walls suited to high earthfill heights and demanding site conditions. Advances in materials
and construction techniques continue to enhance the feasibility and performance of counterfort
retaining walls, cementing their role as a preferred solution in modern civil engineering projects.
References - IS 456:2000 - Plain and Reinforced Concrete – Code of Practice. - Bowles, J. E. (1996).
Foundation Analysis and Design. McGraw-Hill. - Das, B. M. (2015). Principles of Foundation
Engineering. Cengage Learning. - Poggi, C., et al. (2002). Geotechnical Engineering: Principles and
Practices. Pearson Education. This comprehensive review aims to serve as a valuable resource for
civil engineers and students involved in the design and analysis of counterfort retaining walls,
offering a clear pathway from theoretical principles to practical application.

Questions & Answers About counterfort retaining wall design
example

No Question Answer

1 What are the key steps involved
in designing a counterfort
retaining wall example?

The key steps include determining the soil properties and
loads, calculating the lateral earth pressure, designing
the base and counterforts for stability, checking for
sliding and overturning, and verifying reinforcement
details to ensure structural safety.

2 How do you calculate the lateral
earth pressure for a counterfort
retaining wall?

Lateral earth pressure can be calculated using Rankine or
Coulomb theory, considering factors like soil type, slope,
surcharge loads, and wall height. Typically, active earth
pressure is used for design, calculated as p_a = 0.5 γ H²
Ka, where γ is soil unit weight, H is height, and Ka is the
active earth pressure coefficient.

3 What are the main advantages
of using counterfort retaining
walls over cantilever walls?

Counterfort retaining walls are more economical for tall
walls due to their ability to resist lateral loads with less
material, thanks to the internal counterforts that reduce
bending moments. They also provide greater stability and
require less reinforcement compared to cantilever walls.

4 In a counterfort retaining wall
design example, how do you
determine the size and spacing
of counterforts?

The size and spacing of counterforts are determined
based on the bending moments, shear forces, and
stability requirements. Typically, counterforts are spaced
at intervals of 3 to 4 times the wall height, with their
dimensions designed to resist the moments and shear
forces calculated during the analysis.

5 What safety checks are essential
in a counterfort retaining wall
design example?

Essential safety checks include verifying overturning
stability, sliding stability, bearing capacity of the
foundation, and overall structural stability. Reinforcement
details should also be checked to ensure adequate
strength against bending and shear forces, and
serviceability limits should be satisfied.

counterfort wall, retaining wall design, earth pressure analysis, structural design, reinforced
concrete, stability analysis, wall dimensions, foundation design, load calculations, construction
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